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THE EFFECTS OF HOUSEHOLD CORROSIVE SUBSTANCES ON RESTORED 
AND NON-RESTORED TEETH 
BRITTANY M. TRAPP 
ABSTRACT 
A gap in the literature exists regarding the chemical effects of household acids at 
different concentrations on restored and non-restored dentition. The present study 
examines the effects of household corrosive products on human dentition. A total of 105 
adult teeth consisting of restorations composed of silver amalgam, porcelain-fused-to-
metal crowns, and teeth lacking restorative material were used. The household products 
utilized were hydrochloric acid (Clorox® Bleach Cleaner and The Works® Toilet Bowl 
Cleaner) and sulfuric acid (Drano® Drain Opener and Watchdog® Battery Acid), along 
with one control base (Biz® Detergent). Teeth were radiographed before and after 
exposure to the products and were removed from the solutions after 1, 2, 4, 8, 24, 72, 120 
and 264 hours. Documentation included weight, mesiodistal and buccolingual crown 
measurements, ordinal scoring of alterations, and photography. 
The results indicate 86% of the teeth could be positively identified by radiographs 
after exposure. Hydrochloric acid had the most destructive effects to teeth without 
restorations and those with silver amalgam restorations but had a minimal effect on the 
porcelain-fused-to-metal samples. Sulfuric acid minimally altered the restored teeth and 
deteriorated some parts of the enamel and dentin of the non-restored samples. Exposure 
to the detergent resulted in no change. A logistic regression analysis was conducted to 
determine if there was statistical relevance in acid type, acid concentration, and the type 
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of restoration of the tooth. Results indicate that acid type, acid concentration and the type 
of restoration are all statistically relevant for positively identifying an individual through 
radiographs. The results of this study demonstrate that various household corrosive 
substances can affect the morphology of teeth, and in some cases, destroy teeth, which 
could mask the identification of an individual. However, the porcelain-fused-to-metal 
crowns were minimally affected by corrosive agents and can therefore be used for 
positive identifications.  
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CHAPTER 1: INTRODUCTION 
In unique forensic contexts, human remains can be deliberately and permanently 
altered in order to hinder the identification of an individual and prevent discovery of the 
remains. There are multiple processes that can change the appearance of human remains; 
however, thermal alteration and corrosive substances rank among the most damaging. 
Exposure to heat and fire cause bone to lose the organic component, collagen, with 
continual exposure (Brannon and Morlang, 2002; Ohira et al., 2009; Symes et al., 2008). 
Another process that can deliberately be utilized to alter the identification of an 
individual is corrosive chemicals, which can cause the body to dissolve (Cope and 
Dupras, 2009; Hartnett et al., 2011; Mazza et al., 2005; Vermeij et al., 2015). Perpetrators 
often go to extreme lengths to ensure a body is not discovered or if discovered, cannot be 
identified (Hartnett et al., 2011; Ubelaker and Sperber, 1988; Vermeij et al., 2015). 
However, even when exposed to corrosive chemicals, investigators regularly find 
remains, including soft tissue and fragments of bone or dental samples, that researchers 
can use for identification purposes.  
Easily obtained household chemicals are known to have been used in documented 
forensic cases to liquefy bodies and prevent discovery and identification (Cope and 
Dupras, 2009; Grillo and Cascino, 2011; Hartnett et al., 2011; Mazza et al., 2005; 
Ubelaker and Sperber, 1988; Vermeij et al., 2015). Researchers hypothesize that 
household chemicals are used by individuals to damage and/or destroy the soft tissue, 
bone and dentition of an individual, which will make identification difficult for 
investigator. Perpetrators believe that common identification methods will no longer be 
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an option for researchers after exposure to chemicals, which will complicate the 
investigation. Even though researchers have acknowledged the use of common household 
corrosive substances to hinder identification, there is limited research with large samples 
exposed to corrosive substances and attempts to use forensic identification methods to 
identify human soft tissue or bones.  
Various standardized methods exist for forensic investigators to make either 
presumptive or positive identification of an individual. A common practice to assist in 
identification by forensic anthropologists during a forensic case is the biological profile, 
which is identifying the sex, age, ancestry and stature of an individual by analyzing their 
bones (Blau and Ubelaker, 2009; Buikstra and Ubelaker, 1994; White et al., 2012). While 
the biological profile will not directly identify an individual, the information derived 
from the biological profile can narrow the list of possible individuals in order to apply 
more in-depth identification methods. Another methodology commonly used for 
identification during a forensic investigation is DNA (Hartnett et al., 2011; Hillson, 
1996). However, this method not only requires advanced technological training, but is 
costly. Another commonly used method for identification is radiography, which is used 
by forensic odontologists, forensic anthropologists and forensic pathologists. 
Radiography is used for identification of individuals by researchers by comparing 
antemortem data with postmortem data. Dental radiography is a common tool for 
investigators to use in various forensic contexts (Melia and Carr; 2005; Rudnick, 1984; 
Sakoda et al., 2000). When making a dental comparison, investigators will note any 
unique characteristics which include positioning of teeth, missing teeth or restored teeth 
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(Pittayapat et al., 2010). Dental analysis of human remains is a major component to the 
human identification process. However, thermal alteration and exposure to corrosive 
substances can affect the use of these methodologies for identification (Bush et al., 2007). 
 Researchers have documented that corrosive substances have been a common 
disposal agent to destroy evidence such as soft tissue and bone to prevent identification 
and hinder the investigation. This type of deliberate alteration to human remains is seen 
in many different forensic cases. Behera et al. (2014) has identified that even though 
submergence in acid is not the most common method of murder or disposal, when used, 
acid significantly alters the body.  In the 1940s in England, John Haigh, also known as 
the “Acid Bath Murderer”, attempted to dissolve his victims in vats of concentrated 
sulfuric acid. However, investigators were able to recover humans remains, which 
included human body fat, small bone fragments, a partial foot and dentures (Briffett, 
1988; Lefebure, 1958). A case in the Netherlands involved a human body that was 
disposed in an acidic solution in attempts to liquefy the remains, and remnants of the 
body were deposited in surrounding drains and soil (Vermeij et al., 2015). After using an 
alternate light source, which helped identify bone material such as calcium and 
phosphorus, small bone particles were found in the drainage system. In India, corrosive 
acid attacks have increased over the last few years (Behera et al., 2014; Matshes et al., 
2008). These acid attacks were primarily centered on the facial region, thus affecting the 
dentition of the victims (Behera et al., 2014).  
 Household corrosive chemicals are also common solutions utilized to hinder the 
identification of victims (Di Nunno et al., 2006). The household products that are 
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commonly used to hinder identification include drain cleaners, bleach cleaners, rust 
dissolving agents, and muriatic acid (Cope and Dupras, 2009; Di Nunno et al., 2006). All 
of these products are easily accessible and affordable to the public, which allow them to 
be bought in bulk without raising suspicion. Cases in which perpetrators confess to using 
household corrosive substance to impede identification explain that they submerged or 
splashed the acid in areas primarily used for identification, which includes the 
craniofacial region (Di Nunno, 2006).  Despite the numerous forensic cases, minimal 
research and published literature has been dedicated to understanding how corrosive 
substances hinder identification and how various aspects of the body react to the 
submergence in these solutions.  
 The craniofacial region is a primary targeted region when individuals are exposed 
to corrosive substances. This region is normally highly targeted because the face is 
visualized as a prime identification feature and once eroded away, the individual’s face is 
no longer recognizable (Behera et al., 2014; Matshes et al., 2008; Ubelaker and Sperber, 
1988). Behera et al. (2014) compiled a case study of the corrosive acid attack in India and 
identified that out of the 13 individuals who were targeted by these attacks, 100% of them 
were exposed to corrosive substances on their face. This makes identification extremely 
difficult because the skull is an important bony region utilized for the biological profile, 
radiographs and DNA extraction (Alia-Garcia et al., 2015; Buikstra and Ubelaker, 1994; 
Hillson, 1996; Ohira et al., 2009). Ubelaker and Sperber (1988) identified a case where a 
missing 19-year old female exhibited significant erosion on the skull and decalcified 
enamel on the dentition, suggesting the individual was exposed to an external corrosive 
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agent to hinder identification. However, the maxillary and mandibular teeth remained 
intact for identification. Other case studies have observed individuals placed in vats of 
acid where the soft tissue and skeleton displayed extensive damage (Hartnett et al., 2011). 
Many techniques for identification were not successful in these forensic cases because of 
the damage to the soft tissue and skeletal features. However, in most of these cases, 
dentition either in situ or isolated have been discovered with either minimal damage or no 
damage at all.  
 Human dentition is made up of enamel, dentin, cementum and dental pulp 
(Buikstra and Ubelaker, 1994; Hillson, 1996; White et al., 2012). Enamel tissue is the 
strongest component in the human skeleton, which allows the material to preserve in 
many forensic contexts (Alia-Garcia et al., 2015; Cope and Dupras, 2009; Hartnett et al., 
2011). Enamel is composed of hydroxyapatite, which is crystallized calcium phosphate 
organized in parallel bundles, known as enamel rods, which gives the structure extreme 
strength (Berman et al., 2013; Fincham et al., 1999). In many case studies, teeth have 
been known to survive prolonged exposure to direct heat, extensive trauma and 
immersion in chemicals (Berman et al., 2013). These studies have documented the 
survival of posterior teeth after exposure because of the surrounding soft tissue (tongue, 
cheek muscle, etc.), soft tissue thickness and large amount of the enamel (Fincham et al., 
1999; Hillson, 1996). Dentin, which is covered by the enamel and cementum, consists of 
hydroxyapatite, water and other organic material (Hillson, 1996). Dentin is less 
mineralized and less brittle than the surrounding enamel, which allows dentin to support 
the enamel once breakdown occurs. Usually, when exposed to incineration or 
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submergence, dentin breaks down at a slower rate than enamel does due to the 
components of dentin (Cope and Dupras, 2009; Hartnett et al., 2011).  
Demineralization of teeth occurs in many different circumstances. 
Demineralization begins with the enamel and then continues into the dentin, cementum 
and pulp chamber (Gray et al., 1998). Dental erosion usually rapidly breaks down the 
enamel, and once the erosion has penetrated the dentin and pulp cavity, the rate of break 
down slows. Researchers have analyzed the demineralization and erosion of dentition 
naturally. Exposure to acidic fumes and chemicals in the workplace can cause 
demineralization of the enamel and cause erosion (Hathaway and Proctor, 2004; 
Tuominen et al., 1989; Weeks, 1989). Different diets, medical conditions and habits can 
cause neutral breakdown of the dentition. Conditions, like gastric reflux and bulimia 
nervosa that cause consistent vomiting, brings up the stomach acid which breaks down 
the enamel and exposes dentin rapidly with continued exposure (De Moor, 2004; Gray et 
al., 1998; Pagsberg and Wang, 1994; Pretty and Addy, 2002). Other case studies have 
documented erosion of teeth from continual intake of citrus, sugar drinks and other highly 
acidic foods and drinks (Gray et al., 1998; Kalicanin and Nikolić, 2010; Pretty and Addy, 
2002; Sirimagaraj et al., 2002). The demineralization of teeth in these circumstances is 
commonly seen on incisors and canines, particularly on the labial and occlusal surfaces of 
molars and premolars (Cope and Dupras, 2009; Gray et al., 1998; Hartnett et al., 2011). 
The effects of demineralization of teeth are compounded by the presence of dental caries, 
which dentists regularly with restorations (De Moor, 2004; Philipp et al., 1990; Pretty and 
Addy, 2002).  
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Some researchers have compiled studies to identify how corrosive chemicals 
affect the body in a limited time frame. Non-human samples, Sus scrofa samples, have 
been submerged in hydrochloric, nitric and sulfuric acid with the attempt of extracting 
viable DNA (Robino et al., 2015). The study observed the changes to the soft tissue and 
bone of the non-human samples and attempted to extract DNA at various intervals in the 
submersion period. DNA was taken from soft tissue and bone fragments, and the authors 
concluded that DNA was compromised by the corrosive substances; no viable DNA 
could be extracted. This study solely used non-human samples and did not use dentition. 
Expansion on this work is vital in understanding how DNA is affected when human 
remains are submerged in acidic solutions. Because DNA is a vital identification method, 
more research should be dedicated to this aspect of acid corrosion.  
Other researchers have conducted studies to identify how human soft tissue, bone, 
hair, skin, nails and teeth have been affected by acid exposure. Cope and Dupras (2009) 
exposed isolated incisors and molars to eight household corrosive chemicals to identify 
qualitative changes to the dentition in a restricted 24-hour period. Their study identified 
that hydrochloric acid has a significant impact to the teeth and deteriorates incisors and 
molars within the 24-hour timeframe. Enamel and dentin were extremely impacted by 
exposure to the hydrochloric and sulfuric acids (Cope and Dupras, 2009). Mazza and 
colleagues (2005) submerged individual teeth in hydrochloric, sulfuric and concentrated 
nitric acid for a total of 90 hours. Similarly, their study found that hydrochloric acid was 
able to complexly liquefy teeth within 14 hours while nitric acid dissolved teeth in 12 
hours. They did not see complete liquefaction of sulfuric tooth samples (Mazza et al., 
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2005). Hartnett and colleagues (2011) submerged small samples of human bone, teeth, 
nails, hair and soft tissue to six corrosive acid substances. Similar to Cope and Dupras 
(2009), they examined the macroscopic changes to all the samples in a 24-hour 
timeframe. After 24 hours of submergence, the authors observed similar results to Cope 
and Dupras (2009) and Mazza and colleagues (2005). Hydrochloric acid destroyed most 
of the tissue samples within the 24 hours of submergence. Both hydrochloric and sulfuric 
acid completely liquefied soft tissue, bone and teeth while leaving behind some portions 
of hair and nails.  
While these studies did establish a baseline of knowledge for understanding how 
corrosive substances affect soft tissues, bone and teeth, there are numerous weaknesses of 
each study (Cope and Dupras, 2009; Hartnett et al., 2011; Mazza et al., 2005). Hartnett et 
al. (2011) and Cope and Dupras (2009) only observed changes to their dental samples for 
a period of either 24-hours or 6-7 days. The sample sizes within these studies were also 
minimal. Hartnett and colleagues (2011) used small samples of bone, hair, nails, teeth 
and soft tissue while Cope and Dupras (2009) used 16 teeth for their study. None of these 
studies utilized radiographic technology for their identification methods, which is a 
common tool used by many forensic investigators in medical examiners offices (Cope 
and Dupras, 2009; Hartnett et al. 2011; Mazza et al., 2005).  
The studies discussed above all utilize non-human and human samples in order to 
qualitatively describe how various types of corrosive agents affect soft tissue, bone and 
teeth. Even though these studies did identify significant changes to their samples in 
various time frames, there was no attempt at utilizing identification methods, with the 
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exception of Vermeij et al. (2015) who attempted to extract DNA from non-human 
samples (Cope and Dupras, 2009; Hartnett et al., 2011). Another factor largely ignored 
by previous research is advancement in dental care. Across countries, like the U.S., dental 
restorations and implant procedures have become extremely common (Christensen, 
1999). As technology in the healthcare system has increased alongside the demand for 
restorative material to cover and fill dental caries, the ability to identify teeth and the 
different types of restorations has become more important for human identification 
purposes (Bush et al., 2006). The most common types of dental restorations are silver 
amalgam, porcelain-fused-to-metal, ceramic resin composites and porcelain veneers 
(Christensen, 1999; 2005). These types of materials have become more affordable and are 
seen throughout various socioeconomic levels (Christensen, 1999). However, the 
longevity of the materials is variable, with porcelain crowns being more durable 
compared to silver amalgam restorations (Henriques et al., 2012). This becomes an 
important consideration not only for dental care, but for identification purposes. Dental 
radiography is the primary technology utilized during the identification process, which 
primarily depends on comparison of antemortem and postmortem data (Berman et al., 
2013; Bush et al., 2006). Restorations are an additional component to the identification 
process, bringing individuality to dental makeup.  
A few studies have focused primarily on how bone, hair and teeth are affected by 
acids and by observing the quantitative and qualitative changes made to human tissues 
(Cope and Dupras, 2009; Hartnett et al., 2011). However, the primary work that has been 
conducted on teeth and household corrosives has minimally focused on anterior versus 
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posterior teeth (Cope and Dupras, 2009). Other studies have focused on concentrated 
acids (Hartnett et al., 2011; Mazza et al., 2005). Most people who commit murders and 
attempt to conceal the identity of an individual do not have access to lab concentrated 
acids and are limited to acids within their own household. Most of these studies have also 
only submerged their samples in their products for 24 hours and only documented 
qualitative changes. The present study looks to expand on the results and information 
derived from the previously mentioned studies.  
Gaps in the forensic literature persist on how to examine restored and non-
restored teeth after exposure to different concentrations of corrosive acids. The present 
study examines the effects of five common household chemicals containing different 
concentrations of hydrochloric acid (HCl), sulfuric acid (H2SO4), and detergent, which 
was used as a control, on adult human molars and premolars consisting of restorations 
composed of silver amalgam, porcelain-fused-to-metal crowns, and teeth lacking 
restorative material. Each acid utilized was either classified as a higher concentration acid 
or a lower concentrated acid. The household corrosive chemical agents consisted of 
hydrochloric acid (Clorox® Bleach Cleaner and The Works®) and sulfuric acid (Drano® 
Drain Opener and Watchdog® Battery Acid), along with one base (Biz® Detergent) as a 
control. Similar to Cope and Dupras (2009) and Hartnett at al. (2011), this study made 
qualitative observations over the samples submergence period, including photographs, 
descriptive notes, and measurements of mesiodistal and buccolingual dimensions. 
However, the present study expanded the previous studies by extending the submergence 
time frame to 120 hours for hydrochloric acid exposed samples and 264 hours for sulfuric 
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acid and detergent samples. The present study also included radiographs before and after 
the samples submergence into the solutions in order to assess if positive identification 
could be made after exposure to the acid. The radiographs before and after simulated 
antemortem and postmortem information.  
The primary objectives of this study are to determine if restored and non-restored 
molars and premolars, when exposed to various household corrosive acids at different 
concentrations, will experience varied changes based on the acid type and concentration. 
The second objective was to determine if dental restorations, when exposed to various 
household corrosive acids at different concentrations, will be minimally affected whereby 
the dental restorations will be identifiable by pre-acid and post-acid radiographs. Based 
on previous research, it is hypothesized that submerging all samples within the higher 
concentrated hydrochloric and sulfuric acids would result in complete liquefaction of the 
dental samples, rendering identification impossible. It is also hypothesized that positive 
identification via radiography would be possible for the lower concentrated acidic 
solutions and potentially for the porcelain-fused-to-metal samples, due to their greater 
longevity.  
The organization of this thesis is in chapters and is as follows; previous research, 
materials and methods, results, discussion, conclusion, references and appendices. 
Chapter 2 describes previous forensic cases involving dentition, corrosive substances and 
radiographic technology while also considering dental structures. Chapter 3 discusses the 
materials used for this research, which includes teeth and corrosive substances. This 
chapter also discusses the methodology of submerging the teeth and how the author 
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measured and observed the changes over time, including the statistics utilized. Chapter 4 
examines the results, observations and measurements over time for each product and each 
tooth type. Chapter 5 discusses the results further and explains what the results mean for 
the field of forensic anthropology; namely the implications for forensic investigations. 
Chapter 6 wraps up the discussion of the research and suggests future research projects 
based off of the results. The appendices include any images and figures important to the 
study.  
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CHAPTER 2: PREVIOUS RESEARCH 
 For this study, background research in areas surrounding dentistry, radiographic 
imaging and forensic investigations and cases were necessary for contextualizing the goal 
of the research. Numerous cases involving corrosive substances were researched in order 
to understand the common conditions in which investigators find human remains. 
Previous studies involving dental material were important for understanding how teeth 
respond to different environments. Even though dental material is a common source for 
identification, there is limited research incorporating different identification methods and 
dental material after an individual has been exposed to corrosive substances.  
   
Dentition in Forensic Settings 
When human remains are recovered, the identification process is one of the main 
efforts by forensic investigators and law enforcement. One vital part of the identification 
process is dental analysis and the utilization of forensic odontology (Brannon and 
Morlang, 2002). In countries with access to dental care, dental identification is a low-cost 
method of identifying an individual, and most individuals in a population have 
antemortem dental records available through dentists in the form of dental radiographs, 
which are easily accessible for investigators (Chomdej et al., 2006). In forensic cases 
such as homicide, weight disasters, airplane or vehicular crashes, and fires, dental 
material often survives and is critical for making a positive identification or contributing 
to the biological profile of an individual (Bush et al., 2006; Chomdej et al., 2006). Teeth 
may survive the postmortem interval over other body structures because they are 
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composed of the strongest material in the human body and therefore most forensic cases 
rely on dental analysis for DNA extraction (Alia-García et al., 2015; Ohira et al., 2009). 
There are four different types of human teeth: incisors, canines, premolars and 
molars (Hillson,1996; Lubarsky et al., 2012; White et al., 2012). Each of these teeth are 
adapted for different functions based on their morphological features, which have enabled 
teeth to mechanically breakdown food by cutting or crushing (Hillson, 1996; White et al., 
2012). Teeth are made up of enamel, the hardest material in the human body, which is 
made up of a durable coating covering the other layers of the tooth: dentin, cementum 
and dental pulp (Lubarsky et al., 2012). Enamel covers the visible part of the crown on 
the tooth and is composed of hard, brittle minerals, primarily hydroxyapatite (Lubarsky et 
al., 2012; White et al., 2012). The primarily tissue of the tooth crown is dentin, which is 
composed of connective tissue. Under the dentin lies the pulp chamber containing the 
nerves, blood vessels and connective tissue of the tooth. Cementum is a hard-connective 
tissue that covers the root of the tooth (Hillson, 1996). Because of their chemical makeup, 
teeth are able to withstand physical and chemical alteration that can lead to destruction of 
other material such as soft tissue and bone (Hillson, 1996).  
Forensic anthropologist and archaeologists use teeth associated with humans 
remains in order to create a biological profile (Blau and Ubelaker, 2009). Within this 
biological profile, teeth can assist anthropologists and archaeologists in identifying 
possible age estimation, ancestry estimation and positive identification via radiographs 
(Hillson, 1996). Because there are different patterns of growth and eruption for deciduous 
and permanent teeth at various age stages, forensic anthropologists and archaeologists 
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can use present or missing teeth at those stages to identify age ranges for an individual 
(Blau and Ubelaker, 2009; Mincer et al., 1993). Different shapes, dental material and 
presence of certain teeth can help forensic anthropologists and archaeologists identify an 
ancestral group (Blau and Ubelaker, 2009; Buikstra and Ubelaker, 1994; Edgar 2005; 
Edgar 2013; Pilloud et al., 2014). For positive identification during forensic 
investigations, forensic anthropologists along with odontologists use teeth for positive 
identification via radiographs. Anthropologists and odontologists will compare 
antemortem data such as antemortem dental radiographs and charts, with postmortem 
data in order to make a positive identification (Hillson, 1996). Dentition is known for 
surviving extreme cases, such as incineration/heat and submergence in corrosive 
substances, which is useful for anthropologists, archaeologists and odontologist hoping to 
make a positive identification or estimate age and ancestry. 
Because teeth survive in extreme conditions, forensic anthropologists and 
odontologists utilize teeth for dental aging by analyzing what teeth are present/missing, 
the eruption patterns of the teeth and histology of those teeth (Blau and Ubelaker, 2009). 
However, when the dentition is exposed to intense heat or acids, their structure is altered 
in potentially dramatic ways (Brannon and Morlang, 2002; Ohira et al., 2009). Research 
has only recently begun on how to identify teeth after exposure to heat and utilize them in 
the identification process (Brannon and Morlang, 2002; Ohira et al., 2009). Brannon and 
Morlang (2002) describe how dentition assisted in identification after a plane crash in 
Warsaw, Poland in 1980. Out of 77 individuals, 11 individuals whose bodies were 
fragmented and burned were positively identified utilizing dental markers from 
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radiographs taken at dental appointments, which were compared to handheld radiographs 
taken at the scene of the teeth/bodies of the individuals. 
  
Restorative Material  
Restorative material has become increasingly common for dental use in many 
countries and is frequently encountered in forensic cases (Brannon and Morlang, 2002; 
Christensen, 2005; Soon et al., 2015). Research into restorative material and the 
conditions that alter the restorative material is advancing among forensic investigators. 
Soon et al. (2015) analyzed dental material that was incinerated, and determined that 
dental material such as composite resins, flowable resins and glass ionomer cements, are 
distinguishable via microscopy and X-ray spectroscopy after exposure to heat. Other 
researches have discussed cases where dental technicians utilized handheld radiographs at 
crime scenes to distinguish remains from restorative material and make positive 
identifications based on those analyses (Brannon and Morlang, 2002; Bush et al., 2007). 
Research in the areas of incinerated remains, restorative material and radiographs has 
advanced over the last century with a focus on antemortem and postmortem records 
(Bonavilla et al., 2008; Brannon and Morlang, 2002; Bush et al., 2006; Bush et al., 2007; 
Soon et al., 2015).  
Henriques et al. (2012) analyzed how porcelain-fused-to-metal and functionally 
graded dental restorations survive in a natural oral environment by testing thermal 
temperatures and mechanical loads of those restorative materials. The authors concluded 
that functionally graded metal restorations and porcelain-fused-to-metal decreased in 
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shear bond strength after numerous cycles of thermal and mechanical wear, with 
functionally graded metal restorations displaying higher longevity (Henriques et al., 
2012). Depending on the level of socioeconomic status, different social classes may have 
different types of dental restorations. Silver amalgam restorations have been available for 
most social classes in the U.S. due to their affordability, while other restorations like 
porcelain-fused-to-metal and composite resin samples have been used in middle and 
higher class groups (Christensen, 1999; Christensen 2005; Correa et al., 2013; Henriques 
et al., 2012). Correa et al. (2013) interviewed 720 patients from different dental practices 
to examine the socioeconomic status of individuals who obtained certain dental 
restorations. Correa et al. (2013) surveyed the type of restorations individuals and the 
longevity and replacement periods of those specific restorations and cross analyzed that 
with the individual’s socioeconomic status. The results of this study concluded that 
amalgam restorative material was more commonly used in all socioeconomic levels, and 
it had a longer longevity period in comparison to other dental restorative material such as 
porcelain and composite resin (Correa et al., 2013).  
Bush et al. (2006) explain that the demand for restorative material, such as resin 
and porcelain, has increased over the last decade among patients and dental practitioner’s 
due to its longevity and aesthetic appeal (Christensen, 1999; 2005). Due to the increasing 
changes in the chemical components of restorative material, forensic investigators are 
unsure how most of these types of restorations will react in different postmortem contexts 
such as fire or acid scenarios (Bush et al., 2006). They argue that investigators need to 
research different scenarios involving intense heat and dental restorations in order to 
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determine how they react to various types and amount of heat. Consequently, some 
recently published research has investigated how dental restorations will react in various 
environments and forensic contexts (Bush et al., 2006; Christensen, 1999; Christensen, 
2005; Correa et al., 2013; Henriques et al., 2012).  
Forensic dental examination no longer solely relies on the ability to analyze teeth, 
but depends on understanding how new dental/restorative material and teeth are affected 
by extrinsic post depositional/postmortem factors (Christensen, 1999; Christensen, 2005; 
Henriques et al., 2012). Dental restorations, like porcelain veneers, composite resin and 
amalgam material, are becoming increasingly popular within all socioeconomic classes 
within various countries due to availability and advancement of dental care (Christensen, 
2005; Correa et al., 2013; Henriques et al., 2012). Along with the increased demand for 
high-grade dental restorations, the technology utilized to form dental restorative material 
is also rapidly changing and advancing (Correa et al., 2013; Henriques et al., 2012). The 
various types of restorative material exhibit differences in their longevity, shearing 
abilities and cost (Christensen, 2005; Correa et al., 2013; Henriques et al., 2012). 
Christensen (2005) studied various types of restorative material to determine which type 
of material exhibited a higher longevity period on posterior teeth. Christensen’s (1999, 
2005) work showed that amalgam, composite resin and porcelain-fused-to-metal crowns 
frequently last longer than ceramic or gold restorative material in an everyday context. 
Practicing dentists in the U.S. recommend porcelain-fused-to-metal crowns for better 
aesthetic and longevity; however, economically, most individuals in the U.S. receive 
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amalgam due to the cheaper cost and average quality of the restoration (Christensen, 
1999; 2005).  
 
Restorative Material and Technology 
One technique utilized in dental anthropology and forensic odontology for 
identification purposes is dental radiography (Melia and Carr, 2005; Pittayapat et al., 
2010; Rudnick, 1984; Sakoda et al., 2000). Dental radiographs are a crucial part of the 
dental examination process (Melia and Carr, 2005; Pittayapat et al., 2010). When making 
a positive identification, even if there is viable DNA, forensic investigators will use 
antemortem and postmortem radiographs to analyze the similarities and differences 
between the position of teeth, which teeth are present or missing, the restored teeth 
present and the morphology of the restorations (Pittayapat et al., 2010; Rudnick, 1984). 
Rudnick (1984) explains how the positive identification of a murder victim took place 
after examining the antemortem and postmortem dental records. Similarities in the 
restorations of premolars and molars allowed forensic investigators to ascertain the 
identity of the murder victim. When a forensic odontologist analyzes dental records, they 
are looking for similarities in tooth shape, size and if there are congruent records of 
restorations (Rudnick, 1984).  
 While the presence or absence of teeth or tooth morphology can help to 
positively identify individuals, restorative dental material enables forensic investigators 
to more easily and confidently make a positive identification (Rudnick, 1984; Sakoda et 
al., 2000). Investigators will examine the antemortem and postmortem radiographs and 
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notes because individuals have unique characteristics in their dentition which 
individualize people within a forensic context (Sakoda et al., 2000). While restorative 
agents are similar between individuals, the morphology of the restoration is unique to 
each individual due to their unique dental anatomy and caries (Hillson, 1996). One way 
forensic investigators utilize restorative material and dental radiographs are in incinerated 
human remains (Bonavilla et al., 2008; Brannon and Morlang, 2002; Bush et al., 2006; 
Soon et al., 2015). Bush et al. (2007) utilized a scanning electron microscope (SEM), 
energy dispersive X-ray spectroscopy (EDS), and portable X-ray fluorescence (XRF) 
devices to identify restorative resin and positively identify six individual cadavers after 
cremation. After exposing the cadavers to the cremation process, Bush et al. (2007) 
analyzed which restorative resin survives the cremation process and which is visible on 
portable XRF. Their results proved that resins can survive the cremation process and be 
identified on SEM, EDS and XRF devices, which can help lead to a potential positive 
identification (Bush et al., 2007). 
Similar to Bush et al. (2007), Soon et al.’s (2015) research analyzed various types 
of restorative material in varied tooth types after their exposure to intense heat in order to 
determine what material survives in which type of teeth. Ceramic and amalgam 
restorative material was placed in different types of teeth such as anterior teeth (incisors 
and canines) and posterior teeth (premolars and molars) (Soon et al., 2015). The teeth 
were exposed to intense heat and Soon et al. (2015) observed the microstructural changes 
that occurred to each individual tooth with the various restorative material. After heat 
exposure, the researchers utilized SEM and EDS technology to determine if the 
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restorative material could be identified. The results of the study concluded that even after 
exposure to intense heat, changes occur to the restorative material in each type of tooth; 
however, with microstructural analysis, the types of teeth and type of restorative material 
can be distinguished (Soon et al., 2015). Soon et al. (2015) and Bush et al. (2007) observe 
that with technology such as SEM, EDS and XRF, diverse restorative and dental material 
are identifiable after exposure to intense heat which could help lead to an individual’s 
identification. Much research in odontology and forensic anthropology has primarily 
focused on utilizing technology in identifying teeth and restorative material after 
exposure to heat. There is minimal research compiled about how technology such as 
radiographs could help positively identify an individual who has been exposed to 
corrosive substances.  
 
Dental Erosion 
Dental enamel is the outmost layer of a tooth, which is made up of different 
mineral and proteins such as hydroxyapatite (Hillson, 1996; Lubarsky et al., 2012). Due 
to the chemical makeup and the constant interaction with the environment, dental enamel 
is always in a state of demineralization or remineralization (Lubarsky et al., 2012; Lussi 
et al., 2011). Demineralization begins when the enamel becomes soft from a pH change 
due to acid intake (Lubarsky et al., 2012; Sirimagaraj et al., 2002). When acid comes into 
contact with the dentition, erosion can be seen on various surfaces of the teeth (Gray et 
al., 1998; Lubarsky et al., 2012; Lussi et al., 2011; Shipley et al., 2005). Dental erosion 
occurs when the enamel is eroded away, meaning there is less solid material making up 
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the tooth and the layers of enamel decrease (Lubarsky et al., 2012; Lussi et al., 2011; 
Shipley et al., 2005). The process of dental erosion can be fast or slow depending on the 
volume, type, level of pH and concentration of the acid being consumed or interacting 
with enamel (Gray et al., 1998; Lussi et al., 2011; Shipley et al., 2005). The process will 
begin to slow once the enamel is minimized and the dentin is exposed (Lussi et al., 2011). 
Lussi et al. (2011) explain that dentin is made up of type I collagen and once it is 
exposed, the rate of breakdown will begin to decrease. Even though dentin is more 
soluble in comparison to enamel, once dentin is penetrated by corrosive agents, the 
organic material will dissolve while the inorganic material remains (Lussi et al., 2011). 
Signs of dental erosion include but are not limited to: occlusal damage, smooth and 
glazed surfaces of the tooth and restoration plateau, meaning the restorations rises above 
the surrounding tooth as enamel and dentin breakdown (Gray et al., 1998; Lubarsky et al., 
2012; Lussi et al., 2011).  
Unique occupations, medical conditions, diets and habits can cause erosion of the 
enamel on the teeth and exposure to dentin (Gray et al., 1998; Hathaway and Proctor, 
2004; Kalicanin and Nikolić, 2010; Pretty and Addy, 2002; Tuominen et al., 1989; 
Weeks, 1989). Individuals who have diets high in acidic content, like citrus or wine, tend 
to complain of sensitive teeth and after long exposure of acid the enamel surfaces erode, 
leading possibly to restorative solutions (Almeida et al., 2011; Gray et al., 1998; 
Sirimagaraj et al., 2002). Almeida et al. (2011) and Shipley and colleagues (2005) 
explain how dental enamel is continually breaking down from the hydrogen ion attack on 
the enamel which causes the enamel to weaken and deteriorate. This is seen after constant 
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exposure to acids. Exposure to chemicals in the workplace can also weaken the enamel 
with continual exposure (Hathaway and Proctor, 2004; Tuominen et al., 1989; Weeks, 
1989). Chemical fumes from the working environment attack the enamel and cause 
pitting and erosion of the enamel (Tuominen et al., 1989). Gray et al. (1998) analyzed the 
effects of white wine on tooth enamel when consumed by individuals on a daily basis. 
Their case study consisted of a 38-year-old male who worked at a vineyard for 10 years 
and regularly tasted wine. This individual had regular dental appointments and brushed as 
recommended by dental practitioners but had numerous teeth with occlusal enamel 
erosion (Gray et al., 1998). Gray et al. (1998) also observed evidence of pitting with 
visible dentin and silver amalgam restorations standing above the enamel of the 
individual’s occlusal surface. Gray et al. (1998) also extracted molars to examine the 
teeth at a microstructural level and observed evidence of micro hardness loss and 
compared the amount of loss to dropping the teeth in phosphoric acid.  
Medical conditions like bulimia, anorexia and gastric reflux can also have an 
effect on the surfaces of the teeth due to the acidity of the saliva/stomach contents 
(Almeida et al., 2011; Gray et al., 1998; Muñoz et al., 2003; Pagsberg and Wang, 1994; 
Philipp et al., 1991; Pretty and Addy, 2002). Individuals who suffer from conditions like 
anorexia and gastric reflux tend to have weaker enamel and exposed dentin in their 
anterior teeth (Pagsberg and Wang, 1994; Pretty and Addy, 2002). There also tends to be 
a higher amount of dental caries that necessitate  restorations in individuals with these 
conditions (Philipp et al., 1991; Pretty and Addy, 2002). Almeida et al. (2011) explain 
that individuals who suffer from the constant state of dental erosion usually have a higher 
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amount of restorative material placed on their teeth to resolve the issues of deterioration. 
These studies can be useful in understanding how intrinsic and extrinsic acidic factors 
affect dental material.  
 
Archaeological and Anthropological Studies Involving Acid 
 In archaeology and anthropology, numerous researchers have studied how bone 
and soft tissue react to acidic soils. Christensen and Myers (2011) observed the effects of 
various pH levels on bovine remains. After exposing the soft and hard tissue of bovines 
to acidic (pH 1-6), neutral (pH 7) and basic (pH 8-14) soils, the results showed that the 
most acidic (pH 1) and most basic (pH 14) soil had the greatest effects on the remains. 
Nicholson (1996) buried animal remains over a period of seven years in soils with 
different pH levels and subsequently analyzed the taphonomic changes. Nicholson (1996) 
observed that there were no extreme differences in the preservation of the remains over 
the seven years. However, the more acidic soil slightly changed the preservation of the 
bone in comparison to the neutral soil (Nicholson, 1996). White and Hannus (1983) 
observed the effects of pH levels on decomposing large mammal remains. Their results 
showed that acidic soil alters the structure and morphology of bone because the calcium 
content is compromised (White and Hannus, 1983). Gordon and Buikstra (1981) 
analyzed human skeletons from various archaeological sites and recorded the pH levels 
from each of the burials. After observing the preservation of the human skeletal remains, 
they concluded that the two strong predicators for how bone would preserve at a site were 
the pH levels of the soil and the maturity of the bone at time of burial. 
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Forensic Cases and Research Involving Acid 
Acid exposure to human remains is prevalent in numerous forensic cases 
(Hartnett et al., 2011; Hinkes and Lucas, 2014; Mazza et al., 2005; Ubelaker and Sperber, 
1988). For example, decedents have been found in drums of chemical acids with their 
tissues and skeletal material affected in various ways (Hartnett et al., 2011). Sulfuric acid 
was used in concealing the Romanovs’ identity (King and Wilson, 2003; Maples and 
Browning, 1994). Ubelaker and Sperber (1988) analyzed human remains of a missing 19-
year-old female, who had been put into contact with a corrosive agent like Lye, which 
eroded part of the soft tissue of the face and the anterior aspect of the maxilla. Other 
cases, like mob-related crimes, highlight how individuals are placed in vats of various 
corrosive agents after a homicide, which inspired research that determined that it is 
possible to completely dissolve human teeth in higher solutions of hydrochloric and nitric 
acid (Mazza et al., 2005). Mazza et al. (2005) tested teeth submerged in 37% 
hydrochloric acid and 65% nitric acid for 12 hours and reached a state of complete 
dissolution. Grillo et al. (2011) discuss how there are often claims of the Mafia 
destroying evidence of human remain with sulfuric acid. Some of the informants claimed 
that the bodies would dissolve in just a few minutes. Drug cartels have also used the same 
method of concealing human remains and disposing of the body by placing bodies in 
heated sodium hydroxide (Hinkes and Lucas, 2014).  
Behera et al. (2014) explains how the increasing number of acid attacks in India 
have left medical examiners in awe with the limited amount of knowledge and research in 
the effects of acid to the body (Matshes et al., 2008). In many studies on acid attacks, the 
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face is the most common area that is targeted (Behera et al., 2014; Mazza et al., 2005; 
Ubelaker and Sperber, 1988). In 1897, Adolph Luetgert was involved in the notorious 
case called the “Sausage Vat Murder” (Snow, 1982). Luetgert was accused of murdering 
his wife and dissolving her body in Lye instead of acid. After looking for her body in his 
sausage factory, they found four small pieces of bone along with a false tooth (Snow, 
1982). Interestingly, this case represents one of the first documented forensic 
anthropology cases. Similarly, in the 1940s, John Haigh murdered six individuals and 
submerged their bodies in sulfuric acid in order to dissolve the remains and conceal 
evidence (Lefebure, 1958; Vermeij et al., 2015). Investigators later found small 
fragments of human bones including most of the left foot as well as intact upper and 
lower dentures (Vermeij et al., 2015).  
Cases involving acids and human remains have become prevalent enough to spur 
researchers into analyzing the effects of corrosive agents on specific skeletal biological 
determinants, such as dentition, cranial features and bone fragments (Cope and Dupras, 
2009; Hartnett et al., 2011; Mazza et al., 2005; Robino et al., 2015; Ubelaker and 
Sperber, 1988; Vermeji et al, 2015). The effects of household corrosive acids on teeth 
and different dental material, like restorations, over an extended period has not been 
researched extensively. Enamel is the strongest material in the human body and is a 
major component of establishing a positive identification (Cope and Dupras, 2009). 
Numerous cases exist where human remains have been placed into acids to break down 
the individual and obscure their identity after murder (Mazza et al., 2005). However, 
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there is a gap in the literature connecting dental materials, like restorations and acids, 
with forensic case work. 
Robino et al. (2015) studied the effects of acid on non-human samples in order to 
observe changes to the samples and evaluate if there was viable DNA available for 
identification purposes post exposure. The authors exposed porcine remains to nitric acid, 
sulfuric acid, hydrochloric acid and aqua regia, which is a mixture of hydrochloric and 
nitric acid. They analyzed the changes to soft and hard tissues and attempted to extract 
DNA at different periods of submersion. By the fourth hour of submergence, the DNA 
from the soft tissue that was in contact with the acid was compromised and no usable 
DNA was extracted for analysis. After 28 days of submergence, DNA was extracted from 
some of the bone fragments in the sulfuric acid but by the seventh day, all samples 
submerged in the hydrochloric and aqua regia were completely dissolved and between 7-
28 days all nitric acid samples were completely dissolved. After two days of 
submergence, Robino et al. (2015) noted there was possible DNA extraction from teeth 
by the seventh day when submerged in sulfuric acid, but DNA degradation for all 
samples occurred by day 28 for all solutions. Therefore, Robino et al. (2015) concluded 
that most of the DNA was compromised by the acid and was not usable. Not only did the 
hydrochloric and nitric acid destroy the soft and hard tissue structures, but they also 
negatively affected the DNA amplification.  
Maki et al. (2017) exposed twelve fleshed pig (Sus scrofa) heads to three different 
products containing either hydrochloric or sulfuric acid. The concentration of the 
products included 31.45% hydrochloric acid, 5-10% hydrochloric acid and 37% sulfuric 
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acid. In order to determine if complete liquefaction of the heads was possible, Maki et al. 
(2017) made observations from 5-8 weeks, depending on the concentration of the acid. 
Their results indicated that the 31.45% hydrochloric acid was able to completely liquefy 
the pig heads in five days while the 37% sulfuric acid completely liquefied the pig head 
in five weeks. They also observed minimal damage to the soft tissue of pig heads 
submerged in the low concentration of hydrochloric acid, with structural changes to the 
bones and teeth.  
 Past studies have analyzed what occurs after human remains and teeth are 
exposed to acids over a limited 24-hour time period or until noticeable changes occurred 
(Cope and Dupras, 2009; Hartnett et al., 2011; Lang, 2002; Mazza et al., 2005). Lang 
(2002) exposed human bone and teeth to muriatic acid, sulfuric acid, potassium 
hydroxide and sodium hydroxide. After submersion, Lang (2002) noted that eight hours 
of exposure changed the weight, crown width and tooth length. The results indicated that 
muriatic acid was the most destructive chemical while the other acids, sulfuric acid, 
potassium hydroxide and sodium hydroxide, had minor damage. Hartnett et al. (2011) 
analyzed the effects of corrosive substances on bone, hair, nails and soft tissue samples. 
The impetus of their study was a Phoenix, Arizona case where three individuals were 
placed into an unknown corrosive material, resulting in maximum destruction to the soft 
tissue and skeleton of one individual and almost complete dissolution for the other two. 
This study sought to identify how long it takes for structures in the human body to break 
down. Their study created a baseline for understanding how the human body reacts to 
corrosive substances (Hartnett et al., 2011).  
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Hartnett et al. (2011) focused on pure concentrations of corrosive substances and 
minimally focused on teeth in their study. However, they obtained results on the teeth 
from exposing the whole body to different acids such as sulfuric, hydrochloric and 
muriatic acid. The authors documented changes in the enamel and color changes on the 
crowns and roots of the teeth for only a 24-hour period for hydrochloric acid and 6-7 days 
for sulfuric acid (Hartnett et al., 2011). The results of the Hartnett et al. (2011) study 
indicate that samples submerged in 31.45% hydrochloric acid completely dissolved the 
samples within the solution within 24 hours. The 95-98% sulfuric acid was the next most 
destructive acid and completely dissolved the bone and teeth samples, just not as quickly 
as the hydrochloric acid. The bleach, Lye and cola products did not alter the bone or teeth 
samples but did structurally alter the soft tissue, hair and nails.  
Similar to Hartnett et al. (2011), Cope and Dupras (2009) found that teeth in 
household corrosive acids experience changes to the enamel, color and weight. The 
authors utilized acids such as hydrochloric acid, sulfuric acid, phosphoric acid, and 
sodium hydroxide. The authors also tested the effects of acids on different types of teeth 
including incisors and molars. In this experiment, the bones and teeth were exposed for 
eight hours, and the authors observed changes in the amount of enamel present, 
coloration and presence of fractures or cracks on the enamel surface (Cope and Dupras, 
2009). Hydrochloric acid affected the bones and teeth more than the other acids. The 
results highlight how the different acids effect the two types of teeth in a short amount of 
time. Even though some samples were not fully dissolved after 24 hours, the authors did 
not continue research after this point. Hartnett et al.’s (2011) and Cope and Dupras’ 
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(2009) studies are a useful and informative starting point in understanding how teeth and 
human remains react to household corrosive acids in a maximum of 24 hours in one or 
two acidic concentrations. 
The Cope and Dupras (2009), Hartnett et al. (2011), Lang (2002) and Mazza et al. 
(2015) studies all expand on the knowledge of how human remains react when in contact 
with corrosive substances. However, new research on the topic is minimal within the 
field of forensics. While these studies were important for beginning the forensic 
understanding of corrosive substances, the only material that continues to be published on 
dental samples and acids is limited to medical and dental journals which study different 
conditions like bulimia or workplace safety (Hartnett et al., 2011). More research on 
dental reaction to acid is required with the update in dentistry practices and implants.  
 This research attempts to expand on the work of Hartnett et al. (2011) and Cope 
and Dupras (2009) in various forms. Hartnett et al. (2011) and Cope and Dupras (2009) 
exposed a majority of their samples for only 24 hours and only recorded measurements 
and observations during that time. Despite their elaborations on qualitative descriptions 
of the effects of substances on the teeth, no radiographic technology was used to 
determine if teeth could be positively identified after exposure to corrosive agents. This 
study expands on the qualitative data collection and includes pre- and post- exposure 
radiographs to determine if teeth could be identified after exposure. Another adjustment 
to these two studies was the addition of teeth with restorative material significantly 
extended exposure durations. These two studies only used samples lacking restorative 
material (Cope and Dupras, 2009; Hartnett et al., 2011). 
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CHAPTER 3: MATERIALS AND METHODS 
 This chapter discusses the materials utilized within this research, such as dental 
samples, acidic household products, and the various methodologies applied in order to 
observe the morphological changes to teeth within the acids. The objective is to 
determine if restored and non-restored molars and premolars, when exposed to various 
household corrosive acids at different concentrations, will experience varied changes 
based on the acid type and concentration. The second objective is to determine if dental 
restorations, when exposed to various household corrosive acids at different 
concentration, will be minimally affected whereby the dental restorations will be 
identifiable by pre-acid and post-acid radiographs.  
 
Materials/Skeletal Samples 
 The samples, which include premolars and molars with and without restorative 
material, were collected from cadavers from the Anatomical Gift Body Donation 
Program at Boston University’s Division of Graduate Medical Sciences. Teeth from 18 
cadavers were extracted by dental students in the Boston University Henry M. Goldman 
School of Dental Medicine and then placed in containers labeled with the cadaver’s 
identification number and tooth type. The identification numbers were kept throughout 
the research to record demographic information. Demographic information was filled out 
by the individuals when submitting paperwork for body donation. Seventeen indicated 
they were of White ancestry and one individual indicated they were of Asian ancestry. 
Sex was also recorded with 11 females and seven males. The age range of the individuals 
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was 55-103 years old; the average age was 85 years old. Multiple teeth, including molars 
and premolars with and without restorations, were utilized from all 18 individuals.  
This study utilizes 105 adult premolars (n=46) and molars (n=59) consisting of 
restorations composed of silver amalgam (n=62), porcelain-fused-to-metal crowns 
(n=25), and teeth with no restorative material (n=18). The breakdown of premolars used 
for this study consisted of 16 silver amalgam samples, 20 porcelain-fused-to-metal 
samples and 10 non-restored samples. The breakdown of molars used for this study 
consisted of 46 silver amalgam samples, five porcelain-fused-to-metal samples and eight 
non-restored samples. The non-restored teeth were chosen for their minimal dental caries 
on the crowns and roots. The restored dental samples had restorative material on the 
occlusal, buccal, labial and/or interproximal surfaces of the teeth. The soft tissue was 
removed from all dental samples either during the extraction process from the cadavers or 
after. Those with soft tissue remaining after extraction were exposed to a dermestid beetle 
colony in a laboratory at Boston University’s Division of Graduate Medical School for 
two weeks to remove any remaining soft tissue. All teeth were then submerged in 20 ml 
of water (pH 7) for two weeks after exposure to the dermestid beetle colony. The teeth 
were brushed with a soft bristle tooth brush at the end of each week to remove any 
remaining flesh or residue on the surfaces.  
 
Acidic Household Cleaners  
Five different household products, listed in Table 3.1, were purchased from stores in 
the Boston area. These five products were chosen for (1) their acid type, (2) acid 
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concentration, and (3) their easy accessibility in households. The five different household 
products chosen for this research were Clorox® Bleach Cleaner, The Works® Toilet 
Bowl Cleaner, Drano® Drain Opener, Watchdog® Battery Acid and Biz® Detergent. 
Clorox® Bleach Cleaner and The Works® Toilet Bowl Cleaner are composed of 
hydrochloric acid, while Drano® Drain Opener and Watchdog® Battery Acid are 
composed of sulfuric acid. Biz® Detergent is not an acid but is a base due to the different 
enzymes within the mixture. Biz® detergent was utilized for this research because 
detergent is often used for maceration of human remains within the medico-legal 
community due to its degreasing nature (Rennick et al., 2005). 
The first acid utilized for the experiment was Clorox® Bleach Cleaner (Product 
A) with a low acid concentration of 8.25% hydrochloric acid. Results were expected to 
occur at a relatively slow rate due to the low acid concentration; therefore, results were 
more likely to be limited. The Works® Toilet Bowl Cleaner (Product B) has an acid 
concentration of 20% hydrochloric acid and is a toilet- bowl cleaner used for standard 
cleaning. From previous research, this concentration of acid produced results more 
rapidly than lower concentration hydrochloric acids and all other corrosive acid types 
(Cope and Dupras, 2009). Drano® Drain Opener (Product C) has a high acid 
concentration of 93.2% sulfuric acid. This product is used mainly in plumbing to open 
clogged drains. Watchdog® Battery Acid (Product D), which is a standard battery acid, 
was used due to its sulfuric acid concentration of 51%. From previous research, this type 
of sulfuric acidic concentration should not have an immediate effect compared to 
products with hydrochloric acids, and thus, will not have rapid results visible (Cope and 
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Dupras, 2009). Biz® detergent (Product E) has different enzymes which make it a base 
and it is normally used as a laundry detergent. No previous research has been conducted 
utilizing Biz® detergent on teeth over an extended amount of time and therefore no 
results could be used as a baseline. However, since Biz® detergent is utilized as a 
maceration tool, no changes to the teeth were expected.  
 
Table 3.1. Household acidic products used. 
Product Name Acid Type Acid Concentration 
Clorox® Bleach Cleaner Hydrochloric 8.25% 
The Works® Toilet Bowl 
Cleaner 
Hydrochloric 20% 
Drano® Drain Opener Sulfuric 93.2% 
Watchdog® Battery Acid Sulfuric 51% 
Biz® Detergent N/A N/A 
 
 
The restored and non-restored teeth were photographed before being placed into the 
household products (see Appendix B). The photographs included different perspectives, 
angles and aspects of the teeth. These photographs were used to compare changes that 
occurred during and after the submergence process. Along with photographs, ordinal 
scores (before and after acid exposure), identification numbers, the type of restorative 
material, type of tooth, product the tooth would be exposed to, radiograph information, 
tooth weight, and buccolingual (BL) and mesiodistal (MD) changes were recorded via a 
Microsoft Excel spreadsheet. Ordinal scores were assigned before placement in the acid 
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to assess how much of the tooth was covered in restorative material (Table 3.2).  The 
identification numbers, which were assigned by the body donation program at Boston 
University School of Medicine, were recorded in case any demographic information was 
needed throughout the research. The teeth were weighed before being placed into the 
product. The weight was determined by using a digital scale accurate to 1/10 of a gram. 
The BL and MD crown measurements were recorded before and after their exposure to 
the product. The BL and MD crowns were measured using digital calipers calibrated to 
0.01 mm which is outlined in Hillson (1996).  
 
Table 3.2. Ordinal scores for restorative material amount. 
Score Description of restoration 
0 No restorative material is present 
1 1-25% of the tooth is covered in restorative material 
2 26-50% of the tooth is covered in restorative material 
3 51-75% of the tooth is covered in restorative material 
4 76-99% of the tooth is covered in restorative material 
5 100% of the crown is covered in restorative material 
 
 
A rating scale of 0-5 developed by the author based on the Maki et al. (2017) study 
was used throughout the experiment to accurately describe the changes to the dental 
characteristics such as enamel or dentin exposure, if the restoration was present/changed 
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and color changes that occurred during submergence time (Table 3.3). The rating scale 
was utilized for comparisons and analysis of the restored and non-restored teeth 
throughout the acid exposure. Detailed individual notes during the observation period 
were also recorded. A score of 0 indicates that there are no changes to the enamel, dentin 
or restoration. A score of 1 indicates that there is a loss of a small amount of the enamel 
of the tooth, but there was no dentin visible. The restorations may be affected slightly. A 
score of 2 indicates more enamel loss with possible dentin exposure. Additionally, 
deterioration of the restoration is observed. A score of 3 indicates minimal intact enamel 
accompanied by moderate dentin exposure. Further, the restoration is separated from the 
tooth. A score of 4 indicates that there is no enamel present accompanied by complete 
dentin exposure. The restoration is completely separated from the tooth and deterioration 
of the restoration could occur. Lastly, a score of 5 indicates that there is complete or near 
complete dissolution of the tooth and restoration. All of these observations were defined 
on a macroscopic level. The rating scale was used throughout the experiment in order to 
compare the direct effect of each of the products to one another.  
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Table 3.3. Ordinal scoring scale used for observations post acid exposure. 
Score Observed Changes to Enamel, Dentin and/or 
Restoration 
0 No changes, enamel intact. No visible dentin. 
Restoration intact. 
1 Loss of small amounts of enamel. Still no dentin 
exposure. Restoration may begin to deteriorate. 
2 More enamel lost. Small areas of dentin exposed. 
Restoration begins to show visible 
change/deterioration. 
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Minimal enamel present. Moderate areas of dentin 
exposed. Restoration has separated from crown. 
4 No enamel present. Dentin completely exposed. 
Complete separation of restoration from tooth. 
5 Complete or near complete dissolution of the tooth and 
restoration. 
 
 
The teeth were radiographed before their exposure to the products in order to serve as 
an antemortem radiograph, and the teeth were radiographed after their exposure to the 
product to serve as a postmortem radiograph. The radiographs were taken at Boston 
University in the Department of Anatomy and Neurobiology. Before radiographing the 
teeth, a Styrofoam and egg carton holder was created in order to radiograph more than 
one tooth at a time. The foam was thick enough to have slots cut into it to hold the teeth 
in place. This was used for both the pre- and post-acid radiographs.  
 
Acid Submersion 
Treatment of all the 105 tooth samples occurred at Boston University in the lab 
facilities within the Division of Graduate Medical Sciences. Proper safety equipment was 
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used by the researcher, including but not limited to acid-proof gloves, eye protection, and 
an apron.  
 A premolar and molar from each group of teeth, non-restored, silver amalgam, 
and porcelain-fused-to-metal, were selected for each product group (Table 3.1, above). 
Thirteen silver amalgam, seven porcelain-fused-to-metal, and two non-restored premolars 
and two non-restored molars were assigned to each household product. Each tooth was 
placed separately into labeled beakers filled with 20 ml of the household product. The 
beakers were placed under the fume hood of the laboratory at 75° Fahrenheit and 
periodically checked by the researcher to mark changes in the tooth (Table 3.4). Each 
sample was pulled from submersion and checked at different time intervals depending on 
the type of household agent. Products A and B were submerged for a total of 120 hours 
and extracted at 1, 2, 4, 8, 24, 72 and 120 hours. Products C, D, and E were submerged 
for a total of 264 hours and extracted at 1, 2, 4, 24, 72, 120, 168, and 264 hours. There 
was no replenishment of the chemical during the documentation process. 
At the time of observations, the weight of the tooth, the BL and MD dimensions 
of the crown, and the ordinal score for degradation (Table 3.3, above) were recorded. 
During the extraction process, the teeth were all pulled from the products and placed into 
new beakers. After all the teeth were pulled, the products were placed back under the 
fume hood. The teeth were individually analyzed after removal from the acid. 
Photographs were taken first, in order to capture any morphological changes overtime. 
Using digital calipers, the author measured the MD and BL of the crown. For any teeth 
with restorative material, the MD and BL included the restorative material. The weight of 
39 
 
the tooth was then measured by placing the tooth on the scale. Notes were recorded 
regarding the morphological changes to the tooth and then an ordinal score (Table 3.3, 
above) was designated for the tooth. This process continued for each individual tooth at 
each time of extraction. After these observations were made, the teeth were placed back 
into the product until the next set of observations. At the end of the designated time-
period, the teeth were permanently pulled from the acid. The teeth were rinsed off with 
water (pH 7) and placed into test tube containers and covered for the next set of post-
exposure radiographs.  
 
Table 3.4. Schedule for tooth exposure and observations of teeth. 
Tooth 
Check 
Schedule 
Clorox® 
Bleach 
Cleaner 
The 
Works® 
Toilet Bowl 
Cleaner 
Drano® 
Drain 
Opener 
Watchdog® 
Battery 
Acid 
Biz® 
Detergent 
Check 1 Hour 1 Hour 1 Hour 1  Hour 1 Hour 1 
Check 2 Hour 2  Hour 2 Hour 2 Hour 2 Hour 2 
Check 3 Hour 4 Hour 4 Hour 4 Hour 4  Hour 4 
Check 4 Hour 8 Hour 8 Hour 8 Hour 8 Hour 8 
Check 5 Hour 24 Hour 24 Hour 24 Hour 24 Hour 24 
Check 6 Hour 72 Hour 72 Hour 72 Hour 72 Hour 72 
Check 7 Hour 120 Hour 120 Hour 120 Hour 120 Hour 120 
Check 8 ________ _________ Hour 168 Hour 168 Hour 168 
Check 9 ________ _________ Hour 264 Hour 264 Hour 264 
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Post-Acid Exposure 
 Observations of the teeth were made over several days, depending on the type of 
household product. The teeth were removed from the beakers with the household product 
and placed into test tubes without household product for photography, measurement and 
to document the level of erosion from 0-5 (see Table 3.3, above). During the extraction 
process, the teeth were individually analyzed for their morphological, weight, and 
dimension changes. Each tooth was photographed to document the morphological change 
to the various surfaces. Photographs were taken if any observational changes were seen, 
and subsequently the teeth were placed on a quad-pod base to be photographed. Then, the 
tooth was placed on the digital scale to measure the weight changes. The digital calipers 
were used to measure the BL and MD aspects to note any changes. An ordinal score was 
then assigned to the tooth using Table 3.3 (above) by analyzing the tooth’s enamel, 
dentin, restorative material and overall appearance. Photographs and notes taken before 
the tooth’s exposure to acid and throughout the submersion process were utilized for the 
ordinal scoring system for comparison. After these observations were made, the teeth 
were placed back into the household products and at each assessment time period, the 
same process occurred for analyzing the weight, morphological changes, and length and 
width changes. After exposure to the household product was complete, the researcher 
extracted the teeth for the final observations and completed a second set of radiographs of 
the teeth to capture changes, similar to a postmortem radiograph.  
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Products A and B 
Due to the low acid concentration of the Clorox® Bleach Cleaner and high acid 
concentration of The Works® Toilet Bowl cleaner, the first post-submergence 
observations were made one hour after placing the teeth in the product. Changes were 
then recorded at 1, 2, 4, 8, 24, 72 and 120 hours. This timeframe was created due to the 
rapid changes in the first few hours, followed by limited changes occurring over time.  
 
Products C, D and E   
Due to the acid concentration and previous research observations, the first post-
submergence observations were made one hour after placing the teeth in the product. 
Changes were then recorded at 1, 2, 4, 8, 24, 72, 120, 168, and 264 hours. Based on 
previous research, this timeframe was created because of the slower morphological 
changes in comparison to hydrochloric acid.   
 
Radiography 
Radiographs were taken in two separate groups; before exposure to the acid and 
after the exposure to the acid. The same views and orientations were used for both sets of 
radiographs. Comparisons of the radiographs of the teeth before and after the exposure to 
the acid occurred after the second set of radiographs were complete. The teeth were 
radiographed in groups of 12 in the foam and egg carton holder. The radiographs were 
then cropped down in order to individually assess the ability to determine if there is a 
positive match. The individual radiographs were then labeled. All of the cropping of the 
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images and labeling were completed by a separate individual who was familiar with 
radiography in order to prevent bias for the author when comparing the radiographs. The 
author then compared the pre- and post-exposure radiographs to see if a potential positive 
match was possible. After all radiographs were observed and matches were set by the 
author, the data was recorded on the Microsoft Excel spreadsheet and analyzed for 
accuracy and possible identification matches.  
 
Statistics 
 After the observations and data were collected, numerous statistical tests were run 
for analysis. Before running any statistics, the data was imported from Microsoft Excel 
into the Statistical Package for the Social Sciences (SPSS) program. After the data was 
input into the SPSS format, one-way analyses of variance (ANOVAs) were conducted in 
order to compare if there was a statistically significant difference between the 
restorations, acid type and acid concentration. The one-way ANOVA test compared the 
means of each measurement (BL, MD, weight and ordinal score) for each variable 
(restoration, acid type and acid concentration) to determine if they were statistically 
significantly different. ANOVAs were also run for each product to test if there was a 
statically significant difference of BL, MD, weight and ordinal scores for each product. A 
logistic regression was conducted to identify if there was a statistical relevance of acid, 
concentration and type of restoration for identification purposes via radiograph.  
 This research utilized 105 teeth samples and 5 household products to determine if 
restored and non-restored molars and premolars experience changes based on different 
43 
 
acid types and acid concentrations. Further, dental radiographs were taken before and 
after the submergence in the household products to determine if the teeth were 
identifiable after their exposure in order to make a positive identification.  
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CHAPTER 4: RESULTS 
In this section, the results of the research will be explained. One hundred and five 
teeth were used for this research. Observations were documented for Products A 
(Clorox® Bleach Cleaner) and B (The Works® Toilet Bowl Cleaner) for five days at 1, 
2, 4, 8, 24, 72 and 120 hours. Observations were documented for Products C (Drano® 
Drain Opener), D (Watchdog® Battery Acid) and E (Biz® Detergent) for eight days at 1, 
2, 4, 24, 72, 120, 168 and 264 hours. The observations included radiographs before and 
after exposure as well as weight, MD and BL dimensions, and ordinal score before, 
during and after submergence. Observations were recorded via Microsoft Excel and notes 
were kept documenting qualitative observations. SPSS was utilized to run ANOVA 
statistical tests and logistic regression.   
Overall, 86% of the teeth were identifiable via radiograph after their submergence in 
the household corrosive substances. Product B (The Works® Toilet Bowl Cleaner) was 
the most destructive of the five household products, causing deterioration to the enamel, 
dentin and pulp of the tooth. Some of the samples, mainly the silver amalgam and non-
restored teeth, suffered liquefaction. The silver amalgam restorations split from the tooth 
after liquefaction and remained intact. Porcelain-fused-to-metal crowns were not affected 
by Product B (The Works® Toilet Bowl Cleaner). Product D (Watchdog® Battery Acid) 
was the next most destructive product, which caused deterioration to parts of the enamel 
and some of the dentin. Similar, to Product B (The Works® Toilet Bowl Cleaner), silver 
amalgam and non-restored teeth were mainly affected but did not suffer liquefaction. The 
silver restorations separated from the teeth, but the enamel and dentin did not suffer 
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liquefaction. Porcelain-fused-to-metal was not affected by Product D (Watchdog® 
Battery Acid). Products A (Clorox® Bleach Cleaner) and C (Drano® Drain Opener) were 
minimally damaging to the teeth. The outermost layer of enamel was affected with no 
damage to the dentin or pulp. Enamel flaked off the silver amalgam and non-restored 
teeth, but the porcelain-fused-to-metal samples were not affected. Product E (Biz® 
Detergent) did not affect the morphology of any of the samples. The only change to 
Product E (Biz® Detergent) were some of the samples were stained blue from the color 
of the detergent.   
 
Product A (Clorox® Bleach Cleaner) 
 There were 20 total samples used for Product A. Twelve samples were silver 
amalgam, four were porcelain-fused-to-metal and four were non-restored samples. 
Radiographs were taken of each tooth before exposure to the product (see Appendix B). 
Photographs were taken before the samples’ exposure and throughout the documentation 
period (see Figure 4.1). After one hour of submergence in the product, the silver 
amalgam and non-restored samples’ enamel became increasingly translucent. At this 
time, no restorative material had separated from the tooth crown. No changes were 
observed to the porcelain-fused-to-metal samples. The non-restored sample began to 
show signs of enamel flaking. The weight of all of the samples did not change. The BL 
and MD dimensions of the crown began to decrease slightly. After two hours of 
submergence, there were no significant changes to any of the teeth were observed. After 
four hours of submergence, there were no significant changes visible. 
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 After eight hours of submergence, the non-restored and silver amalgam restored 
teeth began to show signs of enamel erosion, which resulted in pitting and dentin 
exposure. Most of the pitting began on the occlusal surface or adjacent to the restoration. 
The porcelain-fused-to-metal samples were still fully intact but there were slight color 
changes of the porcelain-fused-to-metal. The MD and BL measurements decreased in the 
non-restored and silver amalgam samples. The porcelain-fused-to-metal samples did not 
show any signs of decreasing MD or BL measurements. The weight of some of the teeth 
decreased slightly.  
 After 24 hours of submergence, numerous silver amalgam samples turned the 
bleach a dark purple color. The metal stained the bleach while breaking down. Enamel on 
all of the non-restored and silver amalgam samples was soft to the touch and became 
pasty and translucent. Silver amalgam samples exhibited enamel flaking on multiple 
surfaces of the tooth. One silver amalgam sample had part of the silver restoration break 
off of the occlusal surface. Overall, there was no significant changes to the weight, MD 
or BL measurements.  
After 72 hours of submergence, the crowns of the teeth became translucent. The 
enamel of the teeth remained intact, and dentin was visible in some teeth. Silver amalgam 
samples exhibited enamel flaking on the occlusal surface of the tooth which allowed the 
dentin to become visible. There was green discoloration on the enamel surrounding the 
silver restoration. Because silver amalgam restorations are composed of silver, copper, 
tin, zinc and mercury, the interaction of the bleach with the copper is what most likely 
caused the green coloration on the surface of the tooth (Christensen, 2005).   
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Overall, there were not many significant changes to the samples. The MD and BL 
dimensions decreased but not a significant amount (see Figures A1-A3 in Appendix A). 
The average decrease in MD dimension, which was measured using the MD 
measurements before exposure to the acid and the final MD measurement at 120 hours, 
was 0.66 mm with minimal changes to the porcelain-fused-to-metal samples. A one-way 
analysis of variance (ANOVA) was run to determine if the MD measurement at hour 0 
was significantly different from hour 120 in Product A. The MD dimension change 
throughout the submergence period was shown to make a significant difference at p < 
0.000 after exposure. 
The average decrease in BL dimensions, which was measured using the BL 
measurements before exposure to the acid and the final BL measurement at 120 hours, 
was 0.68 mm. A one-way ANOVA was run to determine if the BL measurement at hour 
0 was significantly different from hour 120 in Product A. The change in BL dimension 
was shown to not make a significant difference at p > 0.705 after exposure. 
The weight of the samples did not significantly decrease. The average weight 
decrease, which was measure using the weight before exposure to the acid and the final 
weight measurement at 120 hours, was 0.3 g (see Figures A4-A6 in Appendix A). A one-
way ANOVA was run to determine if the change in weight from hour 0 was significantly 
different from hour 120 in Product A. The change in weight throughout the submergence 
period was shown to make a significant difference at p < 0.000.  The significant changes 
to the samples occurred within the first 24 hours of submergence. The samples continued 
to change over the 120 hours of submergence but not significantly. A one-way ANOVA 
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was run to determine if the change in ordinal scores throughout the submergence period 
was shown to make a significant difference after exposure to Product A. The change in 
ordinal scores from hour 0 to hour 120 was shown to make a significant difference at p < 
0.003. After submergence for 120 hours, teeth were radiographed again. After 
comparisons with the radiographs before submergence to acid, all 100% of the samples 
(n=22) exposed to Product A were positively identified. A summary of the changes to the 
dentition and measurements can be found below (see Tables 4.1-4.4).  
 
 
Figure 4.1. Silver amalgam sample from Product A (Clorox® Bleach Cleaner), 
which was 8.25% hydrochloric acid. Top left image is sample at hour 0, top right 
image is sample at hour 24, bottom left image is sample at hour 72 and bottom right 
image is sample at hour 120. Note the green staining at hour 120 from acid contact 
with silver amalgam material. Scale is in cm 
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Table 4.1. Silver amalgam changes from 0 – 120 hours of exposure to Product A. 
Hour Ordinal score MD (mm) BL (mm) Weight (g) 
0 0 10.02 9.75 2.6 
1 0 9.94 9.66 2.5 
2 0 9.67 9.42 2.5 
4 0 9.5 9.35 2.5 
8 0 9.42 9.26 2.5 
24 1 9.36 9.2 2.5 
72 1 9.31 9.18 2.4 
120 1* 9.2* 9.19 2.5* 
*statistically significant between 0 and 120 hours of exposure. 
 
Table 4.2. Porcelain-fused-to-metal changes from 0 – 120 hours of exposure to 
Product A. 
 
Hour Ordinal score MD (mm) BL (mm) Weight (g) 
0 0 8.31 9.59 1.3 
1 0 8.23 9.51 1.3 
2 0 8.09 9.48 1.3 
4 0 8.06 9.47 1.3 
8 0 8.06 9.47 1.3 
24 0 8.03 9.48 1.3 
72 0 8.05 9.46 1.3 
120 0 8.03 9.45 1.3 
*statistically significant between 0 and 120 hours of exposure. 
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Table 4.3. Non-restored changes from 0 – 120 hours of exposure to Product A. 
Hour Ordinal score MD (mm) BL (mm) Weight (g) 
0 0 7.54 9.58 1.6 
1 1 7.44 9.48 1.6 
2 1 7.39 9.15 1.5 
4 1 7.35 8.94 1.5 
8 1 7.35 8.93 1.5 
24 1 7.17 8.67 1.5 
72 1 7.3 8.55 1.5 
120 1* 7.17* 8.28 1.5* 
*statistically significant between 0 and 120 hours of exposure. 
 
Table 4.4. Qualitative description of the effects of Product A on dentition. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Hour 
 
Observed Changes to Dentition 
 
1 
 
Enamel began flaking off of silver amalgam and non-
restored samples.  
 
2 
 
No significant changes observed. 
 
4 
 
No significant changes observed. 
 
8 
 
 
24 
 
 
Enamel pitting and continual flaking seen on silver 
amalgam and non-restored samples.  
 
Enamel became pasty in consistency and continued to 
break down on silver amalgam and non-restored samples.  
 
72 Enamel continued to flake off of silver amalgam and non-
restored samples. Dentin became visible. Porcelain-fused-
to-metal samples changed color. 
 
 
120 
 
 
No significant changes observed.  
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Product B (The Works® Toilet Bowl Cleaner) 
A total of 20 samples were exposed to Product B, including 12 silver amalgam, 
five porcelain-fused-to-metal and three non-restored. Radiographs were taken of all these 
samples before exposure to the product (see Appendix B). Photographs were taken before 
the samples exposure and throughout the documentation period (Figure 4.2). After one 
hour of submergence in Product B, the color of the toilet bowl cleaner began to change 
the color of the teeth to blue due to the solution’s blue coloration. At hour one, this 
product began to break down the enamel on all the samples except the porcelain-fused-to-
metal samples. The silver amalgam restorations separated from the crown for three while 
the other silver amalgam samples exhibited enamel flaking around the restorations. The 
weight, MD and BL dimensions decreased significantly in the first hour for the silver 
amalgam samples and non-restored samples (Tables 4.5-4.7) The porcelain-fused-to-
metal samples had no significant changes.  
After two hours of submergence, there were continued significant changes to the 
silver amalgam and non-restored samples and no significant changes to porcelain-fused-
to-metal samples. The product continued to disintegrate the enamel of the non-restored 
samples and disintegrate the enamel and restorations on the silver amalgam samples. The 
weight, MD and BL dimensions continued to decrease significantly.  However, the 
porcelain-fused-to-metal samples were still not affected. After hour four of submergence, 
there were limited changes to the non-restored samples and no changes to the porcelain-
fused-to-metal samples. The weight, MD and BL dimensions changes for the non-
restored and porcelain-fused-to-metal samples did not significantly change. The silver 
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amalgam restorations continued to separate from the crowns, and the enamel around the 
restorations flaked off. 
After eight hours of exposure, five of the silver amalgam samples exhibited 
complete separation from the crown. The enamel for many of the silver amalgam and 
non-restored samples continued to erode, resulting in dentin exposure. Most of the silver 
amalgam restorations remained intact on the teeth and were plateaued, meaning the 
restoration was raised above the surrounding enamel, on the occlusal surface of the tooth. 
The weight, MD and BL dimensions decreased for the silver amalgam teeth and non-
restored samples but did not change at this point for porcelain-fused-to-metal samples. 
There were no significant changes after 24 hours of submergence. Continued enamel 
flaking, and dentin exposure occurred in the silver amalgam and non-restored samples. 
No changes were observed in the porcelain-fused-to-metal samples.  
After 72 hours of submergence, most of the silver amalgam samples had either 
separated from the tooth or plateaued. The enamel on the silver amalgam samples and 
non-restored samples were completely gone, leaving only the dentin and restorations 
intact. There were numerous cracks and break along the crown of the tooth. The texture 
of the teeth (crown and root) was rubbery and soft. Due to the continual loss of enamel, 
the MD and BL dimensions decreased for the silver amalgam and non-restored samples. 
The porcelain-fused-to-metal samples had minimal MD and BL dimension decreases 
while the weight has not changed for any of the samples.  
After 120 hours of exposure, the texture of all silver amalgam and non-restored 
samples was rubbery and flexible. The shape of the tooth was no longer intact or 
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recognizable. The silver amalgam and non-restored samples exhibited a blueish-purple 
color from the coloration of the product. The silver-amalgam restorations split from all 
teeth. The porcelain-fused-to-metal teeth displayed no significant changes. The MD and 
BL measurements were not taken for ten of the silver amalgam samples and for all the 
non-restored samples because the shape of the tooth was no longer intact. The MD and 
BL measurements taken for the remaining silver amalgam teeth decreased from hour 72 
to hour 120. The porcelain-fused-to-metal samples did not display significant MD or BL 
measurement changes. Most of the silver amalgam samples were isolated parts of silver 
restoration and the remaining rubbery tissue.  All silver amalgam and non-restored 
samples displayed a decrease in weight, while the porcelain-fused-to-metal did not 
display any change in weight.  
The average MD dimensions change for Product B was 1.09 mm; however, this 
was only calculated for six samples because the majority of the silver amalgam samples 
and all the non-restored samples were not measurable. The MD dimensions change 
overtime are presented in Appendix A. A one-way analysis of variance (ANOVA) was 
conducted to determine if the MD measurement was significant in Product B. The MD 
dimensions decreased significantly (p < 0.002) between 0 and 120 hours, indicating the 
MD measurement was significant.  
The average BL dimensions decreased by an average of 1.37 mm, but once again 
this was only calculated for six samples because a majority of the silver amalgam 
samples and all the non-restored samples were not measurable. The BL dimension 
change overtime can be seen in Appendix A. A one-way analysis of variance (ANOVA) 
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was run to determine if the BL dimension at hour 0 was significantly different from the 
hour 120 BL dimension in Product B. The BL dimension from hour 0 to hour 120 was 
shown to not make a significant difference at p > 0.699. 
The average weight change for Product B decreased by 0.96 g (see Appendix A). 
A one-way ANOVA was run to determine if the weight was significant in Product B. 
Weight was shown to make a significant difference at p < 0.000, indicating the weight 
measurement was significant.   
The changes in weight, MD and BL dimensions occurred throughout the 
submergence intervals. The primary loss occurred within the first 24 hours. The changes 
continued throughout the next four days. An ANOVA was run to determine if the ordinal 
scoring was significant in Product B. The change in ordinal scores throughout the 
submergence period was shown to make a significant difference after exposure at p < 
0.000, indicating the ordinal scores were significant.   
The summary of all changes are presented in Tables 4.5-4.8.  After the final 
submergence, the teeth were radiographed and compared to the radiographs taken before 
exposure to the product. Of the total number of samples submerged, 28% of Product B 
samples (n=21) were positively identified by radiographs. 100% of the porcelain-fused-
to-metal samples (n=5) were positively identified. 8% of the silver amalgam samples 
(n=1) were positively identified. None of the non-restored samples (n=4) were positively 
identified. 
55 
 
 
 
 
Figure 4.2. Silver amalgam sample from Product B (The Works® Toilet Bowl 
Cleaner), which was 20% hydrochloric acid. Top left image is sample at hour 0, top 
right image is sample at hour 24, bottom left image is sample at hour 72 and bottom 
right image is sample at hour 120. Note the green staining at hour 120 from acid 
contact with silver amalgam material. Scale is in cm. Note the green staining around 
the restoration. Scale is in cm. 
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Table 4.5. Silver amalgam changes from 0 – 120 hours exposure to Product B. 
Hour Ordinal score MD (mm) BL (mm) Weight (g) 
0 0 9.41 9.8 2.3 
1 1 7.99 8.41 1.9 
2 2 7.1 7.33 1.8 
4 2 6.64 6.88 1.8 
8 3 6.44 6.95 1.6 
24 3 6.31 6.4 1.5 
72 3 5.95 6.51 1.4 
120 4* 5.86* 7 1.2* 
*statistically significant between 0 and 120 hours of exposure. 
 
Table 4.6. Porcelain-fused-to-metal changes from 0 – 120 hours exposure to Product 
B. 
 
Hour Ordinal score MD (mm) BL (mm) Weight (g) 
0 0 7.96 9.74 1.8 
1 0 7.93 9.71 1.8 
2 0 7.71 9.65 1.7 
4 0 7.65 9.52 1.6 
8 0 7.63 9.41 1.6 
24 0 7.68 9.39 1.6 
72 0 7.64 9.4 1.6 
120 0 7.62 9.4 1.6* 
*statistically significant between 0 and 120 hours of exposure. 
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Table 4.7. Non-restored changes from 0 – 120 hours exposure to Product B. 
Hour Ordinal score MD (mm) BL (mm) Weight (g) 
0 2 7.89 8.67 1.6 
1 2 6.48 7.14 1.1 
2 2 5.64 6.87 1 
4 2 5.48 6.69 0.9 
8 2 5.15 6.24 0.9 
24 2 5.15 6.3 0.7 
72 2 5.14 6.28 0.7 
120 3* 5.06* 6.06 0.6* 
*statistically significant between 0 and 120 hours of exposure. 
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Table 4.8. Qualitative description of the effects of Product B on dentition.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Hour 
 
Observed Changes to Dentition 
 
1 
 
Enamel began breaking down. Silver amalgam restorations 
separated from crown. Acid turned samples blue. 
 
2 
 
No significant changes observed.  
 
4 Enamel continued to flake off. Silver amalgam restoration 
separated from almost half of the teeth. Dentin became 
visible in silver and non-restored samples. 
 
8 
 
24 
 
 
 
No significant changes observed.  
 
Enamel exhibited a rubbery consistency and was extremely 
flexible. Most silver amalgam restorations were either 
separated from crown or plateaued on occlusal surface. 
Teeth with porcelain-fused-to-metal restorations were not 
affected. 
 
72 Extreme enamel erosion with dentin exposed. Most silver 
amalgam restorations were separated from crown or 
plateaued. Teeth rapidly reduced in dimensions and 
fractured. 
 
 
120 
 
 
Shape of teeth were no longer recognizable for silver 
amalgam and non-restored samples. Silver amalgam 
samples and non-restored samples were completely 
dissolved, leaving only silver amalgam restoration behind. 
Porcelain-fused-to-metal samples were not affected. 
 
59 
 
Product C (Drano® Drain Opener) 
A total of 21 samples were exposed to Product C, including 12 were silver 
amalgam, six porcelain-fused-to-metal and three non-restored samples. Radiographs were 
taken of the samples before exposure to the product (see Appendix B). Photographs were 
taken before the samples exposure and throughout the documentation period (Figure 4.3). 
After one hour of submergence, no visual changes were seen in any of the samples. 
Similarly, there was no decrease in weight or in MD and BL dimensions of any of the 
samples. All samples were scored a 0 on the ordinal scoring system. After two hours of 
submergence, two of the silver amalgam samples displayed enamel flaking and cracking 
on the occlusal surface; however, no significant decreases in MD or BL dimensions were 
documented. Likewise, the MD and BL dimensions of the porcelain-fused-to-metal did 
not change. The weight of all the samples did no change. One of the non-restored 
samples were similar and had enamel flaking off of the surface. There were no significant 
changes at hours 4 –8.  
After 24 hours of exposure, more enamel had flaked off of the silver amalgam and 
non-restored samples. Dentin was visible on one of the silver amalgam samples and one 
of the non-restored samples. The MD and BL dimensions decreased slightly, but the 
weight remained unchanged for the majority of the samples. Some of the samples had a 
weight decrease of 0.01 g (n=4). After 72 hours of exposure, more of the silver amalgam 
samples displayed signs of enamel breakdown on the occlusal surface. One of the non-
restored samples exhibited more dentin exposure due to enamel loss. There were no 
significant changes to the weight, MD and BL dimensions from 72 to 120 hours.  
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After 168 hours of exposure, there were no major significant changes to the teeth. 
Some of the silver amalgam and non-restored samples continued to exhibit enamel 
flaking. The enamel texture became powdery. A few of the non-restored and silver 
amalgam samples had enamel flaking off and dentin exposed. The MD and BL did not 
significantly change. The weight of some of the porcelain-fused-to-metal samples and 
silver amalgam samples increased by 0.01 g. For the other samples, the weight remained 
the same. After 264 hours of exposure, no significant changes were observed. Some of 
the displayed an adherent crystalized form on the enamel. The weight, MD and BL 
measurements did not significantly change. The ordinal scores also did not change from 
hour 168 to hour 264.  
The average MD dimension change for Product C was 0.24 mm. The MD 
dimension changes overtime are presented in Appendix A. An ANOVA was conducted to 
determine if the MD measurement was significant in Product C. The MD dimensions 
decreased significantly (p < 0.000) between hour 0 and 264 hours, indicating the MD 
measurement change was significant.  
The average BL dimension decreased by an average of 0.05 mm, which was 
calculated using all samples. The BL dimension change overtime can be seen in 
Appendix A. A one-way ANOVA was run to determine if the BL dimension at hour 0 
was significantly different from the hour 264 BL dimension in Product C. The BL 
dimension change from hour 0 to hour 264 was shown to not make a significant 
difference at p > 0.537.   
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The average weight change for Product C decreased by 0.12 g (see Appendix A). 
A one-way ANOVA was run to determine if the change in weight from hour 0 to hour 
264 was significant after exposure to Product C. The change in weight during 
submergence was shown to make a significant difference at p < 0.000.   
The changes in weight, MD and BL dimensions measurements only occurred 
within the first 24 hours and the rest of the submergence intervals had no changes. After 
the final submergence, the teeth were radiographed and then compared to the radiographs 
taken before exposure to the product. A one-way ANOVA was run to determine if the 
ordinal scores throughout the submergence period was shown to make a significant 
difference in Product C.  The change in ordinal scores throughout the submergence 
period was shown to make a significant difference after exposure at p < 0.000, indicating 
the ordinal scores were significant.   
The summary of all changes are presented in Tables 4.9-4.12. After the final 
submergence, the teeth were radiographed and compared to the radiographs taken before 
exposure to the product. Of the total number of samples submerged in Product C (n=22), 
100% of the Product C samples were positively identified by radiographs. 
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Figure 4.3. Silver amalgam sample from Product C (Drano® Drain Opener), which 
was 93.2% sulfuric acid. Top left image is sample at hour 0, top right image is 
sample at hour 24, bottom left image is sample at hour 72 and bottom right image is 
sample at hour 264. Notice the minimal changes to the sample overtime from hour 0 
to hour 264. Scale is in cm. 
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Table 4.9. Silver amalgam changes from 0 – 264 hours of exposure to Product C. 
Hour Ordinal score MD (mm) BL (mm) Weight (g) 
0 0 9.9 9.58 2.6 
1 0 9.89 9.58 2.6 
2 0 9.89 9.56 2.6 
4 0 9.84 9.55 2.6 
24 0 9.82 9.54 2.5 
72 0 9.82 9.53 2.5 
120 0 9.82 9.53 2.5 
168 1 9.81 9.53 2.5 
264 1* 9.76* 9.52 2.5* 
*statistically significant between 0 and 264 hours of exposure.  
 
Table 4.10. Porcelain-fused-to-metal changes from 0 – 264 hours of exposure to 
Product C. 
 
Hour Ordinal score MD (mm) BL (mm) Weight (g) 
0 0 7.28 9.59 1.5 
1 0 7.28 9.59 1.5 
2 0 7.28 9.59 1.5 
4 0 7.27 9.59 1.5 
24 0 7.26 9.58 1.5 
72 0 7.26 9.57 1.5 
120 0 7.27 9.57 1.5 
168 0 7.27 9.56 1.5 
264 0 7.26 9.55 1.4 
*statistically significant between 0 and 264 hours of exposure.  
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Table 4.11 Non-restored changes from 0 – 264 hours of exposure to Product C. 
Hour Ordinal score MD (mm) BL (mm) Weight (g) 
0 0 9.42 9.53 2.5 
1 0 9.43 9.5 2.5 
2 0 9.42 9.5 2.6 
4 0 9.42 9.5 2.6 
24 1 8.21 9.2 2.5 
72 1 8.2 9.2 2.5 
120 1 6.69 9.19 2.5 
168 1 6.68 9.15 2.4 
264 2* 6.67* 9.13 2.4* 
*statistically significant between 0 and 264 hours of exposure.  
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Table 4.12 Qualitative description of the effects of Product C on dentition. 
 
 
Product D (Watchdog® Battery Acid) 
A total of 21 samples were placed in Product D, including 13 silver amalgam, 
four porcelain-fused-to-metal and four non-restored samples. Radiographs were taken of 
all these samples before exposure to the product (see Appendix B). Photographs were 
taken before the samples exposure and throughout the documentation period (Figure 4.4). 
At hour one, the enamel on all the teeth began to feel chalky and have a powdery 
appearance. The weight of the teeth stayed the same for all of the porcelain-fused-to-
metal samples and for some of the silver amalgam and non-restored samples the weight 
 
Hour 
 
Observed Key Changes to Dentition 
 
1 
 
No significant changes observed.  
 
2 
 
 
4 
 
 
Enamel beginning to crack on some silver amalgam 
samples and non-restored samples, exposing dentin.  
 
No significant changes observed. 
 
24 
 
Enamel continued to flake. Dentin still slightly visible. 
72 No significant changes observed. 
120 No significant changes observed.  
168 Enamel became a powdery consistency. Enamel continued 
to flake off, exposing more dentin. No changes to 
porcelain-fused-to-metal samples observed. 
 
264 
 
No significant changes observed beyond 168 hours. 
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decreased by 0.1 g or remained the same. The MD and BL measurements did not change 
significantly. At hour two, the samples remained intact but continued to become chalky. 
One silver amalgam sample was beginning to lose the enamel surrounding the 
restoration. The weight, MD and BL did not significantly change from hour one to two. 
There were no significant changes seen at hour four. Weight, MD dimension, BL 
dimension and ordinal scores were all the same as hour two.  
At hour 24, enamel was flaking off a majority of the silver amalgam and non-
restored samples. The enamel remaining on the teeth was a chalky consistency and 
looked powdery. Some of the samples had dentin visible. Two of the silver amalgam 
teeth had broken into several pieces and had some of the restoration separated from the 
tooth. The porcelain-fused-to-metal samples did not have any visible changes. The MD 
and BL dimensions decreased an average of 0.02 mm for the silver amalgam samples and 
non-restored samples. One of the silver amalgam samples was not able to be measured 
for MD or BL dimension because the sample was broken. The porcelain-fused-to-metal 
samples did not vary in MD or BL dimension. The weight of all the samples did not 
change at all.  
At hour 72, most of the silver amalgam samples and non-restored samples 
continued to lose enamel and the remaining enamel turned to a powdery substance. Most 
of those samples had some form of dentin exposed. The MD and BL dimensions 
continued to decrease slightly, an average of 0.03 mm for silver amalgam and non-
restored samples. Again, one silver amalgam sample was unable to be measured for MD 
and BL dimensions because of the fracturing of the tooth. The porcelain-fused-to-metal 
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samples did not decrease in MD and BL dimensions. The weight did not change for any 
samples. All weight, MD and BL dimensions and ordinal scores were the same from hour 
72 to hour 120.  
At hour 168, the enamel continued to flake from the silver amalgam and non-
restored samples. The remaining enamel on the silver amalgam and non-restored samples 
was a powdery consistency. Most non-restored and some silver amalgam samples had 
dentin visible. The MD and BL dimensions continued to decrease for silver amalgam and 
non-restored samples, an average of 0.01 mm from hour 120 to hour 168. The porcelain-
fused-to-metal samples did not change MD or BL dimensions. The weight decreased for 
silver amalgam samples an average of 0.1 g and decreased an average of 0.2 g. The 
porcelain-fused-to-metal samples did no change weight.  
At hour 264, the enamel continued to degrade and flake off the silver amalgam 
and non-restored samples. Numerous silver amalgam samples had silver separated from 
the crown of the tooth. The enamel that remained intact on the crown was still extremely 
powdery. Dentin was visible on a majority of the non-restored and silver amalgam 
samples. Three of the silver amalgam samples were not able to be measured for MD or 
BL dimensions because of the fracturing of the tooth. The MD and BL dimensions were 
not significantly decreased for any of the samples. The silver amalgam samples and non-
restored samples did have significant decreases in the weight. The silver amalgam 
samples’ weight decreased by an average of 0.4 g and the non-restored samples’ weight 
decreased by an average by 0.5 g. The porcelain-fused-to-metal samples did have one 
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sample that decreased in weight by 0.1 g, but the other samples did not have any weight 
decrease.  
The average MD dimension change for Product D was 0.12 mm, which was 
calculated using all samples but three silver amalgam samples. The MD dimension 
change overtime is presented in Appendix A. A one-way ANOVA was conducted to 
determine if the MD measurement change was significant in Product D. The MD 
dimension decreased significantly (p < 0.000) between 0 and 264 hours of submergence 
in Product D, indicating the MD dimension was significant.  
The average BL dimension decreased by 0.04 mm, but once again was calculated 
using all samples but three silver amalgam samples. The BL dimension change overtime 
is presented in Appendix A. A one-way ANOVA was run to determine if the BL 
dimension at hour 0 was significantly difference from the hour 264 BL dimension in 
Product D. The BL dimension from hour 0 to hour 264 was shown to not make a 
significant difference at p > 0.627, indicating the BL measurement was not significant.   
The average weight change for Product D decreased by 0.18 g (see Appendix A). 
A one-way ANOVA was run to determine if the weight change from hour 0 to hour 264 
was significant in Product D. The change in weight throughout the submergence period 
was shown to make a significant difference at p < 0.000, indicating the weight 
measurement was significant.   
The changes in weight, MD and BL dimensions measurements occurred within 
the first 24 hours and then significantly changed from hour 168 to hour 264. There were 
other fluctuations of weight, MD, BL and ordinal scores throughout the submergence 
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intervals. A one-way ANOVA was run to determine if the ordinal scoring was significant 
in Product D. The change in ordinal scores throughout the submergence period was 
shown to make a significant difference after exposure to Product D at p < 0.000, 
indicating the ordinal scores were significant.   
A summary of all changes are presented in Tables 4.13-4.16. After the final 
submergence, the teeth were radiographed and subsequently compared to the radiographs 
taken before exposure to the product. Of the total number of samples submerged in 
Product D (n=21), 71.4% of the Product D samples (n=15) were positively identified by 
radiographs. All of the porcelain-fused-to-metal samples and non-restored samples were 
positively identified by radiographs.  For the silver amalgam samples, 69% of the 
samples(n=9) were positively identified, while the remaining silver amalgam samples 
(n=4) were not identifiable by radiographs, due to the fracturing of the samples.  
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Figure 4.4. Silver amalgam sample from Product D (Watchdog® Battery Acid), 
which was 51% sulfuric acid. Top left image is sample at hour 0, top right image is 
sample at hour 24, bottom left image is sample at hour 72 and bottom right image is 
sample at hour 264. Note the continual enamel flaking around the silver restoration 
and fracturing of the silver amalgam material at hour 24. Scale is in cm. 
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Table 4.13. Silver amalgam changes from 0 – 264 hours of exposure to Product D. 
Hour Ordinal score MD (mm) BL (mm) Weight (g) 
0 0 10.22 9.6 2.7 
1 0 10.21 9,6 2.7 
2 0 10.22 9,59 2.7 
4 0 10.1 9,59 2.7 
24 1 9.95 9.43 2.7 
72 1 9.95 9.39 2.7 
120 1 9.94 9.39 2.7 
168 2 9.29 9.4 2.6 
264 2* 9.09* 9.4 2.4* 
*statistically significant between 0 and 264 hours of exposure.  
 
Table 4.14. Porcelain-fused-to-metal changes from 0 – 264 hours of exposure to 
Product D. 
 
Hour Ordinal score MD (mm) BL (mm) Weight (g) 
0 0 6.85 9.69 1.9 
1 0 6.85 9.69 1.9 
2 0 6.85 9.69 1.9 
4 0 6.84 9.68 1.8 
24 0 6.84 9.68 1.8 
72 0 6.83 9.68 1.8 
120 0 6.83 9.68 1.8 
168 0 6.84 9.66 1.8 
264 0 6.82 9.66 1.8 
*statistically significant between 0 and 264 hours of exposure. 
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Table 4.15. Non-restored changes from 0 – 264 hours of exposure to Product D. 
Hour Ordinal score MD (mm) BL (mm) Weight (g) 
0 0 7.89 9.42 1.6 
1 0 7.88 9.42 1.6 
2 0 7.88 9.39 1.6 
4 0 7.88 9.39 1.6 
24 0 7.85 9.38 1.6 
72 1 7.85 9.38 1.6 
120 1 7.84 9.38 1.6 
168 1 7.82 9.38 1.6 
264 1* 7.8 9.37 1.3* 
*statistically significant between 0 and 264 hours of exposure.  
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Table 4.16. Qualitative description of the effects of Product D on dentition.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Product E (Biz® Detergent) 
A total of 20 samples were exposed to Product E, including 12 silver amalgam 
samples, four porcelain-fused-to-metal samples and four non-restored samples. 
Radiographs were taken of all these samples before exposure to Product E (see Appendix 
B). Photographs were taken before the samples exposure and throughout the 
documentation period (see Figure below). At hour one, there were no significant changes. 
Visually, no enamel flaked off from the samples. The weight of some of the samples 
increased by 0.1 g (n=2), which could be attributed to the gel aspect of the detergent. The 
 
Hour 
 
Observed Key Changes to Dentition 
 
1 
 
Enamel has a chalky texture. 
 
2 
 
4 
 
 
 
Slight enamel loss. No dentin visible. 
 
No significant changes observed. 
 
24 
 
Significant enamel loss with dentin visible in silver 
amalgam and non-restored samples. Fracturing of some 
teeth. 
72 Dentin widely visible in the majority of silver amalgam 
teeth and non-restored samples. 
 
120 
 
168 
 
264 
 
No significant changes observed. 
 
No significant changes observed. 
 
Silver restorations either plateaued or separated from the 
sample. Consistency of all enamel was powdery and 
chalky. 
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MD and BL dimensions did not change. At hour two, the only significant change for the 
samples were the silver amalgam and non-restored samples had enamel turning a light 
blue color from the detergent color.  
The weight, MD and BL dimensions did not change from hour 0 to 264 (see 
Appendix A). A one-way ANOVA was run to determine if the MD dimension from hour 
0 to hour 264 was significant in Product E. The MD dimension from hour 0 to hour 264 
was shown to be significant at p < 0.000, indicating the lack of MD dimension changes 
throughout the submergence period was significant.   
A one-way ANOVA was run to determine if the BL dimension from hour 0 to 
hour 264 was significant in Product E. The BL dimension from hour 0 to hour 264 was 
shown to not be significant at p > 0.199, indicating the lack of BL dimension changes 
throughout the submergence period was not significant.   
A one-way ANOVA was run to determine if the weight change from hour 0 to 
hour 264 was significant in Product E. The weight from hour 0 to hour 264 was shown to 
be significant at p < 0.000, indicating the lack of change in weight through the 
submergence period was significant.   
Ordinal scores for all samples was scored a 0. The only changes to the samples 
was the blue coloration of the teeth. A one-way ANOVA was run to determine if the 
ordinal scoring was significant in Product E. The lack of change in ordinal scores 
throughout the submergence period was shown to be significant after exposure to Product 
E at p < 0.000, indicating the ordinal scores were significant.   
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A summary of all changes are presented in Tables 4.17-4.20. After the final 
submergence, the teeth were radiographed and compared to the radiographs taken before 
exposure to the product. Of the total number of samples submerged in Product E (n=20), 
100% of the Product E samples were positively identified by radiographs. 
 
 
 
 
76 
 
 
 
Figure 4.5. Silver amalgam sample from Product E (Biz® Detergent). Left top image 
is sample at hour 0, top right image is hour 24, bottom left image is hour 72 and 
bottom right image is hour 264. Notice the blue coloration from the detergent.  Scale 
is in cm. 
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Table 4.17. Silver amalgam changes from 0 – 264 hours of exposure to Product E. 
 
Hour Ordinal score MD (mm) BL (mm) Weight (g) 
0 0 9.37 10.01 2.5 
1 0 9.37 10 2.5 
2 0 9.37 10 2.5 
4 0 9.36 10 2.5 
24 0 9.35 10 2.5 
72 0 9.35 10 2.5 
120 0 9.33 9.99 2.5 
168 0 9.32 9.98 2.5 
264 0 9.33 9.98 2.5 
*statistically significant between 0 and 264 hours of exposure.  
 
Table 4.18. Porcelain-fused-to-metal changes from 0 – 264 hours of exposure to 
Product E. 
 
Hour Ordinal score MD (mm) BL (mm) Weight (g) 
0 0 8.92 10.03 1.6 
1 0 8.9 10.03 1.6 
2 0 8.9 10.03 1.6 
4 0 8.9 10.02 1.6 
24 0 8.89 10.02 1.6 
72 0 8.89 10.02 1.6 
120 0 8.89 10.02 1.6 
168 0 8.88 10.02 1.6 
264 0 8.89 10.01 1.6 
*statistically significant between 0 and 264 hours of exposure.  
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Table 4.19. Non-restored changes from 0 – 264 hours of exposure to Product E. 
 
Hour Ordinal score MD (mm) BL (mm) Weight (g) 
0 0 8.03 9.57 1.8 
1 0 8.02 9.57 1.8 
2 0 8.02 9.57 1.8 
4 0 8.01 9.57 1.8 
24 0 8 9.57 1.8 
72 0 8.01 9.57 1.8 
120 0 7.97 9.57 1.8 
168 0 7.97 9.56 1.8 
264 0 7.98 9.56 1.8 
*statistically significant between 0 and 264 hours of exposure.  
 
 Table 4.20. Qualitative description of the effects of Product E on dentition. 
 
 
 
 
 
 
 
Overall Statistics 
For statistical analyses, SPSS was utilized to run ANOVAs, for all variables; 
weight, MD and BL measurements, and ordinal scores, and a logistic regression was run 
 
Hour 
 
Observed Key Changes to Dentition 
 
1 
 
No significant changes observed. 
 
2 
 
 
264 
 
 
Samples turned a blue color from the detergent. 
 
 
No significant changes observed beyond hour 1. 
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to determine if teeth could be positively identified via radiographs. For each variable, an 
ANOVA was run to see whether the restoration, acid, concentration, and acid plus 
concentration made a significant difference on the weight, MD, BL, ordinal scores and 
radiographs. The results of the univariate analysis displayed significant differences for 
acid, concentration and acid plus concentration.   
For the weight over time, p values are reported for all factors including 
restoration, acid, and concentration (see Tables above). The exposure to the acid for the 
different types of restorations was shown to make a significant difference at p < 0.001. 
Acid was shown to also make a significant difference at p < 0.003. Concentration was 
shown to also make a significant difference at p < 0.013. Acid plus concentration showed 
high significant difference with p <0.00001. All the three factors together (restoration, 
acid and concentration) were calculated and indicated a high significance for the weight 
at p < 0.004.  
For the MD measurements over time, p values are reported for all factors 
including restoration, acid and concentration (see Tables above). The exposure to the acid 
for the different types of restorations was shown to make a significant difference with p 
<0.001. Acid was shown to make a significant difference with p < 0.05. Concentration 
was shown to make a significant difference with p < 0.05. Acid plus concentration was 
shown to make a high significant difference with p < 0.0001. All three factors together 
(restoration, acid and concentrations) were calculated and shown to make a significant 
difference at p < 0.006.  
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For the BL measurements over time, p values are reported for all factors including 
restoration, acid and concentration (see Tables above). The exposure to the acid for the 
different types of restorations did not make a significant difference at p > 0.05. Acid was 
shown to not make a significant difference at p > 0.05. Concentration was shown to not 
make a significant difference at p > 0.05.  Acid plus concentrations was shown to not 
make a significant difference at p > 0.05. For all three factors together, restoration, acid 
and concentration were calculated and indicated no significant difference for BL 
measurements at p > 0.05. The MD measurements were significantly affected while the 
BL measurements were not. This could be attributed to the quicker rate of 
demineralization on the MD surfaces in comparison to the BL surfaces. Enamel is 
consistently broken down on the mesial and distal surfaces of the tooth and are prone to 
dental carries from consistent contact with surrounding teeth (Hillson, 1996).  
For the ordinal scores over time, p values are reported for all factors including 
restoration, acid and concentrations (see Tables above). The exposure to the acid for the 
different types of restorations was shown to make a significant difference at p < 0.000. 
Acid was shown to make a significant difference at p < 0.000. Concentration was shown 
to make a significant difference at p < 0.000. Acid plus concentration was shown to make 
a high significant difference at p < 0.000. All three factors together, restoration, acid and 
concentration were calculated and indicated a significant difference for ordinal scores at p 
< 0.000.  
In order to determine if acid type, acid concentration and the type of restoration 
impacted the identification of a tooth via radiograph, a logistic regression was run for 
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statistical relevance. A logistic regression identified that there was a significant difference 
for acid type with p = 0.02. Concentration was shown to also make a significant 
difference with a p = 0.015. The p values for the restoration types, silver amalgam was p 
of 0.05 and porcelain-fused-to-metal p of 0.01, which indicates that the type of restoration 
type did make a significant difference when it came to identification via radiograph 
 
Conclusion 
Products A and B were submerged for a total of 120 hours and products C, D and 
E were submerged for a total of 264 hours. Observations made throughout all of the 
intervals included weight, MD, BL and ordinal scores. Radiographs were also taken 
before and after exposure to acid in order to indicate whether the samples could be 
positively identified and if the acid, concentration and restoration type made a significant 
difference within that identification.  
Overall, 86% of the teeth were identifiable via radiograph after their submergence 
in the household corrosive substances. The most destructive substance was Product B 
(The Works® Toilet Bowl Cleaner), deteriorating the non-restored and silver amalgam 
samples. Product D (Watchdog® Battery Acid) was the second most destructive 
substance. In all of these household substances, porcelain-fused-to-metal samples were 
minimally affected, indicating they have an increased chance of survival in corrosive 
acid. After running multiple ANOVAs, restoration type, acid type and acid concentration 
were shown to have a significant impact on weight, MD measurements and weight, but 
did not have a significant impact on BL measurements.  
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CHAPTER 5: DISCUSSION 
In this section, the results of the research will be discussed. One hundred and five 
human teeth, which included non-restored (n=18), silver amalgam (n=62) and porcelain-
fused-to-metal (n=25) premolars and molars, were exposed to three household products; 
hydrochloric acid (HCl), sulfuric acid (H2SO4) and detergent as a control. The 
hydrochloric products included in this research were Clorox® Bleach Cleaner and The 
Works® Toilet Bowl Cleaner and the sulfuric products included in this research were 
Drano® Drain Opener and Watchdog® Battery Acid. The detergent utilized for this 
research was Biz® detergent. The samples submerged in hydrochloric acid were exposed 
for a total of 120 hours, while the sulfuric acid and detergent samples were submerged for 
a total of 264 hours. Radiographs were taken before and after the samples’ submergence 
into the products. Additional observations made throughout submergence intervals 
included MD measurements, BL measurements, weight and ordinal scoring as well as 
qualitative observations, which included photographs and descriptions. It was 
hypothesized that the higher concentration of hydrochloric acid, Product B, would have 
the greatest effect on the samples and cause the most destruction, making identification 
difficult.   
 
Overall observations 
Overall, Product B (20% hydrochloric acid) had the greatest effect on the non-
restored, silver and porcelain-fused-to-metal samples. The hypothesis tested was 
supported; higher concentrations of hydrochloric acid could completely liquefy non-
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restored teeth and has a significant impact on the silver amalgam restoration samples, 
obstructing positive identifications via radiographs. The weight, MD, and BL 
measurements were also significantly altered by Product B for non-restored and silver 
amalgam samples. However, the porcelain-fused-to-metal samples remained intact and 
could be positively identified via radiographs. The weight, MD, and BL measurements 
were not affected by Product B for the teeth with porcelain-fused-to-metal restorations. 
Product C (93.2% sulfuric acid) did not affect the samples as hypothesized. Due to the 
high concentration of sulfuric acid and previous literatures reports, Product C was 
expected to impede positive identification via radiographs by liquefying the samples; 
however, this was not the case. However, this was the case for Product D, which did have 
a significant effect on the non-restored and silver amalgam samples. All products (A-E) 
will be individually discussed below. Observations and measurements of all samples 
allowed for individual effects and patterns to be observed.  
The breakdown of the enamel on non-restored and silver amalgam teeth occurred 
first. In Products B and D, the breakdown of enamel occurred early. For Product B, 
enamel flaking for non-restored and silver amalgam samples occurred within one hour of 
submergence. For Product D, enamel flaking for non-restored and silver amalgam 
samples occurred within the first 24 hours of submergence. Once the enamel was 
compromised and the dentin was exposed, the acid breakdown began to occur at a slower 
rate. None of these effects were observed in porcelain-fused-to-metal samples.  
In all products, porcelain-fused-to-metal samples were the least effected sample. 
The only observational change was the color change of the porcelain from a ceramic, 
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white color to a more pink, translucent color. Porcelain-fused-to-metal samples were 
100% positively identified via radiographs in all products. No products had a significant 
impact on the weight, MD, BL or ordinal scores of the porcelain-fused-to-metal samples. 
Silver amalgam and non-restored samples were significantly impacted by Product B 
(20% hydrochloric acid) and Product D (93.2% sulfuric acid). With all five products, 
silver amalgam samples were identifiable 66.1% and non-restored samples were 
identifiable 83.3%. For Products B and D, a common occurrence amongst the silver 
amalgam samples was the loss of the silver restoration, or severe degradation of the 
enamel surrounding the silver amalgam restoration, which would leave the silver 
amalgam sample plateaued on the surface. This change greatly affected the quantitative 
measurements of the teeth.  
Quantitative measurements were significantly impacted by Products B and 
Product D. Within these two products, the MD and BL measurements had significantly 
decreased in the silver amalgam samples and non-restored samples as the enamel began 
to erode and flake away. For the silver amalgam samples, once the restorations had 
separated from the occlusal surface of the tooth, MD and BL measurements were no 
longer taken, which occurred within the first few hours of exposure for each product. The 
weight of the non-restored and silver amalgam samples significantly decreased within the 
first 24 hours for Product B and then steadily decreased in the later submergence hours. 
The weight for the non-restored and silver amalgam samples significantly decreased 
within the last two days of submergence, which is where most enamel flaking, and dentin 
exposure occurred. Porcelain-fused-to-metal samples were not impacted by the products 
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significantly, which is also reflected in the lack of weight, MD and BL change throughout 
the submergence intervals.  
 
Product A (Clorox® Bleach Cleaner) 
Product A, which has the lower concentration hydrochloric acid at 8.25% had 
minimal effects on non-restored, silver amalgam and porcelain-fused-to-metal samples. 
Overall, there was minimal damage to the teeth. The outermost layer of enamel of the 
silver amalgam and non-restored samples was impacted. Dentin was slightly exposed on 
two silver amalgam samples and one restoration separated slightly from the occlusal 
surface. The porcelain-fused-to-metal samples were not affected by Product A. The 
weight of all three samples on average did not change significantly (refer to tables and 
figures in results chapter). The BL measurement decreased for non-restored samples and 
silver amalgam samples. The porcelain-fused-to-metal samples did not exhibit BL 
measurement changes. The MD measurements of non-restored and silver amalgam 
samples on average did not decrease significantly. The porcelain-fused-to-metal samples 
did not have MD measurement changes. Product A samples were 100% positively 
identified by radiographs (refer to tables and figures in results chapter). 
 
Product B (The Works® Toilet Bowl Cleaner) 
Product B, which had the higher concentration hydrochloric acid at 20%, was the 
most destructive product. There was significant deterioration to the silver amalgam and 
non-restored samples. The enamel, dentin and pulp of the silver amalgam and non-
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restored samples suffered complete liquefaction. The porcelain-fused-to-metal samples 
were not impacted by Product B. The weight, MD and BL dimensions decreased 
significantly for silver amalgam and non-restored samples. The weight of porcelain-
fused-to-metal samples was affected by Product B and did decrease significantly. The 
MD and BL of porcelain-fused-to-metal samples was not affected by Product B. Product 
B samples were 28% positively identified by radiographs.  
 
Product C (Drano® Drain Opener) 
Product C, which was the higher concentration of sulfuric acid at 93.2%, had 
minimal effects on the samples. Similar to Product A, there was minimal damage to the 
teeth, whereas the outermost layer of enamel was affected for silver amalgam and non-
restored samples. The weight, MD and BL measurements of the non-restored samples 
was significantly impacted, with a continual decrease over the submergence intervals. 
The weight of the silver amalgam samples decreased steadily over the submergence 
interval; however, the MD and BL measurements were significantly affected. The weight, 
MD and BL measurements of the porcelain-fused-to-metal samples was not significantly 
affected by Product C. Product C samples were 100% positively identified by 
radiographs (refer to tables and figures in results chapter). These results were not 
anticipated nor hypothesized based on the higher concentration of sulfuric acid and based 
on previous literature (Cope and Dupras, 2009; Hartnett et al., 2011).  
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Product D (Watchdog® Battery Acid) 
Product D, which was the lower concentration of sulfuric acid at 51%, was the 
second most destructive product in this research. Product D significantly affected the 
enamel and most of the dentin in the silver amalgam and non-restored samples. The pulp 
cavity remained primarily intact for these samples. Once again, the porcelain-fused-to-
metal samples were not affected by Product D. The weight of all the products did not 
change significantly. The BL and MD measurements of the silver amalgam samples did 
decrease significant, followed by the non-restored samples which did decrease but not as 
significantly as the silver amalgam samples. The large decrease in BL and MD 
measurement is a product of numerous silver amalgam restorations separating from the 
occlusal surface of the tooth, therefore rendering the sample’s MD and BL measurements 
unobtainable. Product D samples were 75% positively identified by radiographs. The 
results of the samples submerged in Product D were unexpected. It was hypothesized that 
battery acid would affect the samples, based on previous research (Cope and Dupras, 
2009; Hartnett et al. 2011). However, it was not hypothesized that Product D would have 
a greater affect than Product C on sample given that Product C has a higher concentration 
than Product D.  
 
Product E (Biz® Detergent) 
Product E, which was used as a control based on previous research (Rennick et 
al., 2005), had no effect on any of the samples. There was no significant decrease to the 
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weight, MD or BL measurements of the samples and was scored a 0 for all ordinal score 
designations. Product E samples were 100% positively identified by radiographs. 
 
Implications of Present Study 
The present study has shown how numerous household products could potentially 
affect dentition after exposure over a significant of time. Products that contain 
hydrochloric acid have the ability to eliminate evidence of dentition such as morphology, 
unique features or trauma that could lead to a potential identification. Hydrochloric acid 
attacks the enamel quickly eradicates the hydroxyapatite mineralized component of 
dentition. The results of the present study can infer that with use of hydrochloric acid, 
there is potential for damage to an entire human body. Teeth are known to be the hardest 
structures in the body and can be destroyed when exposed to certain acidic products 
(Cope and Dupras, 2011; Hartnett et al., 2011; Hillson, 1996). These results would 
indicate that with enough corrosive product and a long enough exposure time, it is 
possible to completely dissolve a human body. More research is necessary in this area of 
study.  
Greater implications of the present research include the effects that other types of 
acids, not analyzed by this particular study, could have on bone, soft tissue and dentition. 
Other types of acid, such as muriatic acid and phosphoric acid, have been analyzed by 
other researchers such as Cope and Dupras (2009) and Hartnett et al. (2011) and have 
shown to have morphological effects that can potentially lead to eradicating evidence. 
While this was not considered in the present study, it can be inferred that these types of 
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acids could have potentially damaged restorations at higher concentrations. Another 
consideration when analyzing acid type and concentration is considering stronger acid 
concentrations used in the workplace that many employees may have access to. If 
household hydrochloric acid at 20% concentration could eradicate evidence, then a 
stronger grade of acid used in a factory or lab could destroy evidence on dentition such as 
restorations or morphological features, therefore delaying or preventing an identification.  
When considering the impact acid had on restorative material, there is a further 
implication to what corrosive substances could do to other types of surgical implants. In 
the present study, hydrochloric acid at 20% concentration was able to separate the silver 
amalgam restoration from the tooth and demineralize the enamel, leaving the restoration 
plateaued in some cases. Surgical materials including medical devices put in for artificial 
hips or knees, heart pacemakers, breast implants, metal screws, plates or rods, can be 
used for identification purposes if there is a serial number or if the victim has medical 
records indicating the placement of the medical device. The present study displayed how 
a high concentration of a household hydrochloric acid could affect a silver amalgam 
restoration and dentition, which is the stronger materials in the human body. If a victim 
has a medical device and is placed in enough hydrochloric acid over a long enough 
period of time, the present study indicated the corrosive substance could be strong 
enough to destroy the human remains and any associated medical devices, whereby 
destroying the identity of the individual.  
The present study also displayed the differences between older dental restorations, 
silver amalgam, and newer dental restorations, porcelain-fused-to-metal. While both 
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serve a similar function to dentition, both reacted differently in the acid types and 
concentrations. The porcelain-fused-to-metal restorations serve as a protective buffer to 
the tooth itself because it covers the entirety of the enamel, dentin and pulp of the tooth. 
Dental practitioners have created newer dental restorative material to last longer, look 
more appealing, and handle more extrinsic and intrinsic factors that could lead to dental 
caries, abscesses and other dental pathologies (Christensen, 1999). Porcelain-fused to-
metal crowns are considered a full tooth coverage restoration, meaning the entirety of the 
tooth is protected and is able to cope with various stresses that older material could not 
(Henriques et al., 2012).  
The porcelain-fused-to-metal samples restorations in the present study protected 
the samples submerged in the acidic solutions because of their ability to cope with 
destructive processes, while the silver amalgam sample does not share the same 
capabilities. Silver amalgam restorations utilized to fill cavities and unlike porcelain-
fused-to-metal samples that cover the entirety of the tooth surface, the silver amalgam 
sample is normally put onto a smaller portion of the tooth (Hillson, 1996). When the 
silver amalgam samples were submerged in the various corrosive acid solutions, the acid 
came into contact with the enamel more readily in comparison to the porcelain-fused-to-
metal samples. Porcelain-fuse-to-metal samples have two protective layers, metal 
covered by ceramic, to the tooth, which prevented acid from coming into contact with the 
enamel as easily as the silver amalgam samples. Therefore, as seen the present study, the 
acid was more harmful to the silver amalgam dental samples in comparison to the 
porcelain-fused-to-metal samples. It is important to consider medical upgrades and how 
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newer medical devices are affected by taphonomic agents.  Future research needs to 
address the effect high grade hydrochloric acid has not only on whole human bodies, but 
whole human bodies with surgical implants.  
 
Results Compared to Previous Research 
This research did not use DNA analysis as an identification tool. Therefore, it is 
unknown if positive identification could have been achieved using DNA analysis for any 
of the remaining substances within the samples. DNA analysis could have possibly been 
hindered by the different acids affecting the microstructure and organic material of tooth 
samples. In previous cases, such as the serial killer John Haigh, the concentrated sulfuric 
acid completely liquefied the bodies, but left behind bone fragments and dentures which 
could be used for identification purposes (Briffet, 1998). Robino et al. (2015) determined 
that as soon as elements are exposed to acidic chemicals, the DNA begins to degrade, 
which would destroy the possibility of further genetic analysis.  
When comparing the present study to previous research, there are differences in 
the amount of time liquefaction occurred in the samples. Hartnett et al. (2011) observed 
complete liquefaction of dental samples submerged in hydrochloric acid (31.45%) in less 
than 24 hours. The present study samples did document complete liquefaction in the 
higher concentration of hydrochloric acid (20%), but this did not occur until 120 hours of 
exposure. Complete liquefaction was not observed in the lower concentrations of 
hydrochloric acid (8.25%). The 11.5% difference in hydrochloric acid concentrations 
between Hartnett et al. (2011) and this study may account for the limited liquefaction in 
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the current study. Hartnett et al. (2011) also observed complete liquefaction of dental 
samples submerged in sulfuric acid (95-98%) around seven days. The present study 
samples did not observe complete liquefaction in either sulfuric acid product, even 
though Product D did have a significant effect on the non-restored and silver amalgam 
samples.  
Cope and Dupras (2009) also documented an accelerated timeline in comparison 
to this present study, with a study period of 24 hours. Cope and Dupras (2009) did not see 
complete liquefaction in their hydrochloric acid samples (31.45% and 14.50%) or their 
sulfuric acid samples (94.19% and 93.2%), which differs from the Hartnett et al. (2011), 
who document complete liquefaction in hydrochloric acid products within 24 hours. The 
results of Cope and Dupras’ (2009) study were similar to the present study’s hydrochloric 
acid and sulfuric acid samples; where the hydrochloric samples became more gelatinous 
while sulfuric samples became pastier with less changes. However, even though there 
were similar results to the present study, Cope and Dupras (2009) observed these changes 
at an accelerated rate in comparison to the present study. This can likely be attributed to 
the difference in acid concentration and difference in the samples utilized by both studies.  
As hypothesized by using previous research, Product B, The Works® Toilet Bowl 
Cleaner at 20% concentrated hydrochloric acid was the most destructive product, which 
completely liquefied the non-restored and silver amalgam samples. The porcelain-fused-
to-metal samples were not affected by Product B, or any other products used in this 
study. Product D, the Watchdog® Battery Acid, which was 51% concentrated sulfuric 
acid, was the second most destructive product, decreasing the percentage of 
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identifiability. This was not hypothesized because this was the lower concentration 
sulfuric acid product utilized in the present study. After exposure to acid, 86% of the 
samples were positively identified by radiographs. All porcelain-fused-to-metal samples 
remained intact after exposure and were 100% identifiable by radiographs, indicating that 
identifiability of an individual may increase with these types of samples. 
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CHAPTER 6: CONCLUSION 
In this section, the implications of this research will be discussed, and future 
research studies will be proposed. Human molars and premolars (n=105) including non-
restored (n=18), silver amalgam (n=62) and porcelain-fused-to-metal (n=25) samples 
were exposed to five household products. Product A (Clorox® Bleach Cleaner) and 
Product B (The Works® Toilet Bowl Cleaner) were made up of hydrochloric acid. 
Product A was the lower concentration of hydrochloric acid (8.25%) and Product B was 
the higher concentration of hydrochloric acid (20%). Product C (Drano® Drain Opener) 
and Product D (Watchdog® Battery Acid) were made up of sulfuric acid. Product C was 
the lower concentration of sulfuric acid (51%) and Product D was the higher 
concentration of sulfuric acid (93.5%). The final product, Product E, was a base made up 
by different enzymes to create a detergent used as a control in this study. Product A and 
Product B samples were submerged in hydrochloric acid for 120 hours, while Products C, 
D and E samples were submerged in their solutions, sulfuric acid and detergent, for 264 
hours and checked at various times. Observations and measurements were taken before, 
during and after submergence. Radiographs of the samples were taken before their 
submergence and taken after their final submergence check.  
Near complete or complete liquefaction of non-restored and silver amalgam 
samples in a high concentration hydrochloric acid solution was possible in 120 hours. 
However, porcelain-fused-to-metal samples in the same solution were not equally 
affected. Based on these results, along with previous research studies, it would be 
possible to completely liquefy a human body in a short amount of time and hinder 
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identification (Cope and Dupras, 2009; Hartnett et al., 2011). Based on the present study, 
liquefaction of non-restored and silver amalgam samples is possible in a high 
concentration of hydrochloric acid, in this case Product B, without replenishment of the 
solution. The other solutions, Products A, C, D, and E, did not completely liquefy the 
dentition. However, each solution did exhibit unique alterations to tooth morphology. 
Larger samples (complete mandibles and/or whole human remains) need to be submerged 
in these solutions and to develop a threshold for how acid affects tissue liquefaction rate 
as a whole.  
Visual identification methods used in forensics, such as dental radiographs, could 
not be successfully used for teeth exposed to higher concentrations of hydrochloric acid 
or, based on this study, battery acid, which was the lower concentration of sulfuric acid. 
Because these methods rely on intact elements for comparison, dental radiographs were 
no longer an option for identification purposes. This stands true only for non-restored 
samples and silver amalgam samples. Porcelain-fused-to-metal samples were 
successfully identified by dental radiographs in all solutions. These results indicate that 
newer restorative materials are more resistant to morphological changes after exposure to 
household acids and could therefore be positively identified at a higher rate that teeth 
with silver amalgam restorations. 
The products used in this study were readily available, inexpensive and easy to 
obtain from any household store. There are no restrictions on purchasing these products, 
due to the fact that they are all commonly used for various types of household purposes. 
The purchasing of high amounts of Products A-D would not raise any suspicions and are 
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both available in both residential and commercial communities in large amounts. 
Therefore, obtaining and purchasing products to use in liquefying a human body would 
not be difficult. However, “inexpensive” is a relative term. There are variations in price 
of similar products, which has been reported in previously discussed studies (Hartnett et 
al., 2011). For the present study, the most expensive solution was Product D (51% HCl) 
at $22 for 1.5 gallons. Sulfuric acid was less expensive overall.  
There are other obstacles that could present themselves in this process, which 
were not seen in this particular study. In order to completely liquefy an entire human 
body and hinder identification, the suspect would need to obtain a large container to fully 
submerge the body well enough and hold the large amount of corrosive material. Some 
studies report the general amount of product to completely submerge a body is between 
80-100 L, like a bathtub (Hartnett et al., 2011, Mazza et al., 2005).  
Previous studies have confirmed how various types of household corrosive 
substances and chemicals containing higher concentrations of acid can result in 
morphological changes to dentition, which can hinder identification (Cope and Dupras, 
2009; Hartnett et al., 2011; Mazza et al., 2005). However, the present study is the first 
study to submerge samples with restorative material in different concentrations of acidic 
products. The results of the present study indicate that newer restorative material, such as 
porcelain-fused-to-metal, are minimally affected by high and low concentrated acids. The 
weight, MD and BL measurements were not variable throughout the submergence 
intervals. These samples maintained their original shape with only slight variations to the 
roots, which was not a focus of this particular study, due to the lack of enamel on the 
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roots. Non-restored and silver amalgam samples were completely liquefied by Product B 
and highly affected by Product D, with extreme changes to the weight, MD and BL 
measurements.  
Previous studies have also described the qualitative changes that occur to 
dentition and identify key morphological variations at various times which potentially 
assist with identifying the type and concentration of acid used (Cope and Dupras, 2009; 
Hartnett et al., 2011; Mazza et al., 2005). While the present study compiled similar 
measurements and observations throughout the submergence intervals, the addition of 
radiographs was unique to this study. Utilizing dental radiographic technology has been 
successful in identifying victims of plane crashes and fires (Bonavilla et al., 2008; 
Brannon and Morlang, 2002; Bush et al., 2006; Soon et al., 2015). However, until this 
present study, there has been no research that has used dental radiographs to determine 
identification after exposure to acid. Because Products A and C had minimal effects to 
the structure of the teeth, using radiographs for identification purposes was possible.   
Based on the present study, further research should explore how higher 
concentrations of corrosive material impact unaltered and restored dentition. Because this 
study was the first of its kind to utilize restorative material and radiographs, comparison 
studies are much needed. More research needs to include entire human remains, with 
dentition (unaltered and with restorative material in situ) to better understand how acid 
attacks the soft tissue, bone and dentition together. Even though previous research has 
presented how different household products and corrosive substances alter the 
morphological characteristics of teeth, hair, nails, soft tissue and bone, future research 
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should examine if those morphological changes hinder identification using radiographs 
and other types of identification methodologies (i.e., DNA) (Cope and Dupras, 2009; 
Hartnett et al., 2011; Mazza et al., 2005). Understanding how lower and higher 
concentrations of acid impact the weight, MD and BL measurements and the qualitative 
descriptions is an important baseline for understanding how submerging human remains 
will respond when submerged in corrosive substance. Future research should expose 
whole human bodies to different corrosive substances to identify the liquefaction process 
and incorporate forensic technology that is used for identification purposes.  
Additionally, future research is necessary in understanding the microscopic 
changes to the bone and tooth structure after exposure to acid. If the bone and/or tooth 
sample can remain intact or if the substance has remained after liquefaction, it is 
important to understand the affects to the chemical structure of the human body. Future 
research should incorporate histological analyses to reveal what impact the acid has on 
the microstructure of the dental and skeletal tissues. Further, more research needs to be 
compiled on the implications of corrosive substance on bone and teeth and the possibility 
of DNA extraction. Even though the present study demonstrates that enamel was affected 
after exposure to higher concentrations of hydrochloric acid and 51% concentrated 
sulfuric acid, there may still be potential for DNA extraction from the pulp chamber if the 
tooth has maintained some of the internal structure. Because the porcelain-fused-to-metal 
samples were minimally impacted, future studies should incorporate restorative dentition 
to DNA extraction studies to determine if, besides radiographically, DNA can help 
positively identify an individual  
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Even though this study incorporated human dental samples, the teeth were all 
isolated when submerged into the household products. Similar studies that have exposed 
human material to corrosive substances has also used isolated dental samples as well as 
isolated soft tissue, hair, nails and bone fragments (Cope and Dupras, 2009; Hartnett et 
al., 2009). It is necessary for future research to include submergence of entire human 
bodies or body regions to lower and higher concentrations of household products and 
other corrosive chemicals. It is common for perpetrators to dismember bodies and place 
individuals or isolated remains in corrosive substances. However, it is more common for 
entire human remains to either be splashed with or fully submerged into acidic chemicals 
(Mazza et al., 2005; Ubelaker and Sperber, 1988). Understanding how the acid impacts 
separate regions of the human body while fully intact is essential for identification 
purposes. Another future research study could expose a fully intact head to acidic 
chemicals to observe how the acid attacks the soft tissue, bone and dentition as a whole. 
These studies should also utilize dentition with and without dental restorations, due to the 
growing technological advancements in dental care.  
There is limited information pertaining to the effects of acids on dentition, 
especially when considering new advancements in dental restorative material. The 
present study expanded on previous studies completed by Cope and Dupras (2009), 
Hartnett and colleagues (2011) and Mazza and colleagues (2005) by exposing 105 
unaltered and restored human molars and premolars to a low concentration and high 
concentration hydrochloric and sulfuric acid. Using qualitative observations, 
measurements, and radiographs, different morphological changes were recorded for all 
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samples. The present study utilized radiographs to positively identifying samples after 
their exposure to the household products. Results indicate that even though higher 
concentration acids can significantly morphologically change dentition, porcelain-fused-
to-metal, which is considered a “newer” dental material, was not affected by any product 
and was 100% identifiable via radiographs. 
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APPENDIX A: GRAPHS OF MD, BL AND WEIGHT CHANGES OVERTIME.  
A.1. Rate of MD changes of samples in Product A overtime.  
 
 
A.2. Rate of BL changes of samples in Product A overtime. 
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A.3. Rate of weight changes of samples in Product A overtime.  
 
 
 
A.4. Rate of MD changes of samples in Product B overtime.  
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A.5. Rate of BL changes of samples in Product B overtime. 
 
 
 
A.6. Rate of weight changes of samples in Product B overtime. 
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A.7. Rate of MD changes of samples in Product C overtime. 
 
 
A.8. Rate of BL changes of samples in Product C overtime. 
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A.9. Rate of weight changes of samples in Product C overtime. 
 
 
 
A.10. Rate of MD changes of samples in Product D overtime. 
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A.11. Rate of BL changes of samples in Product D overtime. 
 
 
 
A.12. Rate of weight changes of samples in Product D overtime. 
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A.13. Rate of BL changes of samples in Product E overtime.  
 
 
A.14. Rate of MD changes of samples in Product E overtime.  
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A.15. Rate of weight changes of samples in Product E overtime.  
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APPENDIX B: PICTURES AND RADIOGRAPHS OF TEETH 
 
 
B.1. Porcelain-fused-to-metal sample from Product A (Clorox® Bleach Cleaner), 
which was 8.25% hydrochloric acid. Left image is sample at hour 0 and right image 
is sample at hour 120. Scale is in cm. 
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B.2. Non-restored sample from Product A (Clorox® Bleach Cleaner), which was 
8.25% hydrochloric acid. Left image is sample at hour 0 and right image is sample 
at hour 120. Scale is in cm. 
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B.3. Silver amalgam sample from Product B (The Works® Toilet Bowl Cleaner), 
which was 20% hydrochloric acid. Top left image is sample at hour 1, top right 
image is sample at hour 24, bottom left image is sample at hour 72 and bottom right 
image is sample at hour 120. Notice the silver restoration plateauing at hour 1 and 
then separating from the tooth at hour 24. Notice the gelatinous consistency at hour 
72 and 120. Scale is in cm. 
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B.4. Silver amalgam samples from Product B (The Works® Toilet Bowl Cleaner), 
which was 20% hydrochloric acid. White arrows all point to separated silver 
amalgam. The only remaining organic material is the tooth root, which is a 
gelatinous consistency. Scale is in cm.  
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B.5. Porcelain-fused-to-metal sample from Product B (The Works® Toilet Bowl 
Cleaner), which was 20% hydrochloric acid. Left image is sample at hour 0 and 
right image is sample at hour 120. Note the gelatinous consistency of the root but 
intact crown of the tooth. Scale is in cm. 
 
 
 
 
B.6. Non-restored sample from Product B (The Works® Toilet Bowl Cleaner), 
which was 20% hydrochloric acid. Left image is sample at hour 0 and right image is 
sample at hour 120. Not the gelatinous consistency of the tooth, with an 
unrecognizable shape.  Scale is in cm. 
 
114 
 
 
 
 
B.7. Silver amalgam sample from Product C (Drano® Drain Opener), which was 
93.2% sulfuric acid. Top left image is sample at hour 0, top right image is sample at 
hour 24, bottom left image is sample at hour 72 and bottom right image is sample at 
hour 264. Notice the minimal changes to the sample overtime from hour 0 to hour 
264. Scale is in cm. 
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B.8. Porcelain-fused-to-metal sample from Product C (Drano® Drain Opener), 
which was 93.2% sulfuric acid. Top left image is sample at hour 0, top right image is 
sample at hour 24, and the bottom image is sample at hour 264. Notice the minimal 
changes to the sample overtime from hour 0 to hour 264. Scale is in cm. 
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B.9. Non-restored sample from Product C (Drano® Drain Opener), which was 
93.2% sulfuric acid. Top left image is sample at hour 0, top right image is sample at 
hour 24, and the bottom image is sample at hour 264. Notice the minimal changes to 
the sample overtime from hour 0 to hour 264. Scale is in cm. 
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B.10. Silver amalgam sample from Product D (Watchdog® Battery Acid), which 
was 51% sulfuric acid. Top left image is sample at hour 0, top right image is sample 
at hour 24, bottom left image is sample at hour 72 and bottom right image is sample 
at hour 264. Note the continual enamel flaking around the silver restoration. Scale is 
in cm. 
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B.11. Porcelain-fused-to-metal sample from Product D (Watchdog® Battery Acid), 
which is 51% sulfuric acid. Left image is sample at hour 0 and right image is sample 
at hour 264. Notice the minimal changes to the sample overtime from hour 0 to hour 
264. Scale is in cm. 
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B.12. Non-restored sample from Product D (Watchdog® Battery Acid), which was 
51% sulfuric acid. Top left image is sample at hour 0, top right image is sample at 
hour 24, bottom left image is sample at hour 72 and bottom right image is sample at 
hour 264. Note the continual enamel flaking around the silver restoration. Scale is in 
cm. 
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B.13. Silver amalgam sample from Product E (Biz® Detergent). Left image is 
sample at hour 0 and right image is sample at hour 264. Notice the blue coloration 
from the detergent.  Scale is in cm. 
 
 
 
 
B.14. Porcelain-fused-to-metal sample from Product E (Biz® Detergent). Left image 
is sample at hour 0 and right image is sample at hour 264. Notice the blue coloration 
from the detergent.  Scale is in cm. 
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B.15. Non-restored sample from Product E (Biz® Detergent). Left image is sample 
at hour 0 and right image is sample at hour 264. Notice the blue coloration from the 
detergent.  Scale is in cm. 
 
 
 
 
 
B.16. Radiograph of silver amalgam sample before exposure (left) to Product A and 
radiograph of same silver amalgam sample (right) after exposure to Product A. 
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B.17. Radiograph of porcelain-fused-to-metal sample before exposure (left) to 
Product A and radiograph of same porcelain-fused-to-metal sample (right) after 
exposure to Product A. 
 
 
 
 
 
 
 
B.18. Radiograph of non-restored sample before exposure (left) to Product A and 
radiograph of same non-restored sample (right) after exposure to Product A. 
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B.19. Radiograph of silver amalgam sample before exposure (left) to Product B and 
radiograph of same silver amalgam sample (right) after exposure to Product B. 
Notice the deterioration of the silver amalgam and tooth. This sample was not 
positively identified by radiographs.  
 
 
 
 
 
 
 
 
B.20. Radiograph of porcelain-fused-to-metal sample before exposure (left) to 
Product B and radiograph of same porcelain-fused-to-metal (right) after exposure 
to Product B. Notice the deterioration of the root of the tooth but intact crown. 
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B.21. Radiograph of silver amalgam sample before exposure (left) to Product C and 
radiograph of same silver amalgam sample (right) after exposure to Product C. 
 
 
 
 
 
 
 
 
 
 
 
 
B.22. Radiograph of porcelain-fused-to-metal sample before exposure (left) to 
Product C and radiograph of same porcelain-fused-to-metal sample (right) after 
exposure to Product C. 
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B.23. Radiograph of non-restored sample before exposure (left) to Product C and 
radiograph of same non-restored sample (right) after exposure to Product C. 
 
 
 
 
 
 
 
 
 
 
B.24. Radiograph of silver amalgam sample before exposure (left) to Product D and 
radiograph of same silver amalgam sample (right) after exposure to Product D. 
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B.25. Radiograph of porcelain-fused-to-metal sample before exposure (left) to 
Product D and radiograph of same porcelain-fused-to-metal sample (right) after 
exposure to Product D. 
 
 
 
 
 
 
 
 
 
 
B.26. Radiograph of non-restored sample before exposure (left) to Product D and 
radiograph of same non-restored sample (right) after exposure to Product D. 
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B.27. Radiograph of silver amalgam sample before exposure (left) to Product E and 
radiograph of same silver amalgam sample (right) after exposure to Product E. 
 
 
 
 
 
 
 
B.28. Radiograph of porcelain-fused-to-metal sample before exposure (left) to 
Product E and radiograph of same porcelain-fused-to-metal sample (right) after 
exposure to Product E. 
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B.29. Radiograph of non-restored sample before exposure (left) to Product E and 
radiograph of same non-restored sample (right) after exposure to Product E. 
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Pathology 
Ann Inter Med Annals of Internal Medicine 
Annu Rev Anthropol Annual Review of Anthropology 
Aust Dent J Australian Dental Journal 
Caries Res Caries Researcher 
Connect Tissue Res Connective Tissue Research 
Digest Liver Dis Digestive and Liver Disease 
Forensic Sci Int Forensic Science International  
Gen Dent General Dentistry 
Int J Eat Disord International Journal of Eating Disorders 
J Am Dent Assoc Journal of the American Dental Association 
J Archaeol Sci Journal of Archaeological Science 
J Dent Journal of Dentistry 
J Esthet and Restor Journal of Esthetic and Restorative Dentistry 
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J Struct Biol Journal of Structural Biology 
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